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The Fluke 79: 
More Of A Good Thing 



More high-performance (eatures. 
More advariGBd measurement capa- 
biifties. More of the vitst information 
you need to troubleshoot even the 
iQugtiest probfems — with bolh ana- 
tog and digital displays . 

f\/leet the latest, greatest member 
of our best selling 70 Series II family 
— the new Ryke 79 digital multimeter. 

It picks up where the original fam- 
ily left off. In fact, it's a quantum leap 
fonvard — in performance, value and 
affordability. 

It's got the features you'd expect 
from Fluke. Including high resolution. 
Fast autoranging. Patented, automatic 
Touch Hold . A quick continuity 
beeper. Diode test, Automatic self- 
test. Battery-conserving sleep mode. 
And it's just as rugged and reliable as 
the rest of the 70 Series II family. 
Easy to operate, too — with one hand. 

And thanks to the Fluke 79's 
proprietary new integrated circuit 
technology, that's only the beginning. 
When it comes to zeroing in on tough 
electrical problems, the Fluke 79 
leaves the competition behind: 



Hz 



Fretiuflncy: TtieFlu1(e79 s buift-m frequency 
counier [c(s you measure from below 1 Hi to 
Q^er 20 kHz. And whife you view frequency on 
Ihe digital display, ihe analog tsar graph shows 
you AC voltage. So you cart see if polentraily 
hazardous vol lag e is present. 



Fail &3segmenL analog bar Qraph: The Flu Re 
79's bar graph moves as fast as the eye can see, 
uptJating at a rate o) 40 times per second to 
simulate the functionality ol an analog needle. 
You get the high speed andh\(^h resolution you 
need to detect peaking, nulling and trending. 



Capacitance: No r^eed to carry a separate 
dedicated capacitance tester: ihe Ftuke 79 
measures capacitance from 10 pF to 9999 tif. 
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lo-Ohms range: Our proprietary Lo Ohms 
tunc: -on lets you measure resistance as low as 
. 0.01 ohms. High noise reiection and a test lead 
,,Zero Calibration function make the Fluke 79 
ideal for detecting small resistance changes. 

SMOOTHING; 

Smoottiing^": Our exclusive nev^ Smoolhing 
mode gives you a stable digrlal readout for 
unstable sjgnals — by displaying the running 
average of eight readings. No more jitter or 
^'digit rattle" due to noisy signals. 

Get a good lliing going: To put 

more meter to work for you — at a 
price that works for you, too — head 
for you nearest Fluke distributor. For 
the flame of your nearest distributor, 
or for more product information, call 
1-BD0-87'FLUKE. 



The Fluke 79 comes wilh a 
> el low holster and patented 
Fie ?('Stand''' — easy to 
hang Irom a door or pipe 
clip onto a bell or tool 
or stand at virtually 
any viewing angle. 
There's even storage 
space for test leads 

Fluke 73 Series II " 
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f L U K E AND PHILIPS 
TUB T & M ALLIANCE 
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Once again, the hofidays am 
just around the corner, and it's 
time to start thinking about gift 
giving and tree trimming. If you 
agree with us that hand-made 
items make the nicest gifts and 
add special sparkle to the holrday 
decor, be sure to check out the 
Glitter Globe. Not an ordinary or- 
nament, this sophisticated piece 



of "electronic sculpture" is made 
entirely of electronic compo- 
nents and small circuit boards. 
The two LED's on each PC board 
"chase" each other, creating the 
illusion that the Glitter Globe is 
spinning. Hanging on the tree, or 
in a window, it's a sure attention- 
grabber! Turn to page 35 for all 
the details. 
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\n plastic and ceramic packages, tor low-cost solu- 
tions 10 dozens of application requirements, select Mini- 
Circuits' flat pack or surface- mount wideband monotittilc 
amplifiers. For example, cascade three f^AR*2 monolithic 
amplifiers and end up with a 25dB gain. 0.3 to 2000fw1Hz 
amplifier for fess lhan Design values and circuit 
board layout available on request. 

It's just as easy to create an amplifier that meets 
other specific needs, whether it be low noise, high gain, 
or medium power. Select from Mini-Circuits' wide 
assortment of models {see Chart), sketch a simple inter- 
connect layout, and the design is done. Each model 
is characterized with S parameter data included in our 
740-page RF/IF Designers' Handbook 

All Mini-Circuits' amphtiers feature tight unit-to-unil 
repeatability, high reliability, a one*yeaf guarantee, tape 
anc reel packaging, off- 
the-shelf availability, with 
prices starling at 99 cents 

Mini -Circuits* monolithic 
amplifiers,.. for innovative 
do-it-youfself problem 

solvers . iCxMe shoum actt^ sae 



99 



Umt price 5 { 1-25 qty) 

fot pEastic suHacG* mount add suffix (example MAFI-ISM) 
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irS NOW OR NEVER 



Now. This moment, this instant— it lives but a microsecond. Then it 
moves on and changes and becomes something new and different 
and better 

Thats exactly what our magazine — our magazine, yours and 
mine — is doing. I grew up on Radio-Craft and Radio-Electronics, 
You Ve probably grown up on Radio-Electronics. The next 
generation of electronics professionals may not even remember 
Radio-Electrorrics, but they will know Electronics Now. For this 
new, yet old, publication will be their introduction to electronics. It 
will be their primer, their teacher, their guide, their companion. It 
will travel with them through their career just as Radio-Electronics 
has through yours. As long as there are electronics professionals, 
as long as there are people who follow the wonderful ever- 
changing world of electronics, Electronics Now will be there. 

Electronics Now is not a new magazine, it is simply a refinement 
of what has always been. It's an evolution to something better, 
something wiser, something stronger A magazine more closely 
matched to electronics today. Carefully designed, tailored and 
directed by selected experts who can point you, our reader, 
through our pages, toward tomorrow. 

Electronics Now is your magazine. It is the culmination of almost 
100 years of progress from the Electrical Experimenter to Radio- 
Electronics and finally Electronics Now. 

If our founder. Hugo Gernsback, were here today, he'd probably 
note that we should have acted sooner Perhaps he would have 
been right. But no matter what, we know we are correct in taking 
you and us on this new adventure. Join us as we go. Revel in the 
excitement of today and the adventure of tomorrow. Tell us what 
you like, what you hate, what we should do, and what we 
shouldn't* 

Write our editors, contact our bulletin board, send me your ideas, 
comments, and criticisms. Help us make Electronics Now exactly 
the kind of magazine you know it should be. And never forget we 
may now bear the name Electronics Now, but at heart we are 
Radio-Electronics, Radio Craft, Shortwave Craft, Television, and 
the Electrical Experimenter 




Larry Steckler, EHF/CET 
Editor-in-Chief and Publisher 
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Capaoitmae fjetdt t> SOOOpF 
fp^jm:^ Counter tb2Ij{it 



Before we built tlie new generation Beckinan 
Industrial Series 2000 DMMs, we asked people 
like you what you really^mL 

You want more. More test and nieasureiiicni 
capabilities. More troublesha)iing features. All 
in an afibrdable liand-held DM\1. The Series 2000 
features the widest range Frequency Counter in 
any professional DMM. a full- ranges Capacitance 
Meter, True RMS measurements, Interjiiittent 
Detection, 50ns Pulse Detection, and Peak 
Measurement capabilities. Plus, the Series 2000 
is the only meter to offer autoranging Mia/Max 
recording and relative modes. 

You want a DMM that's easier to use. Tlie 
Series 2000's display is 25% larger, with bigger 
digits and backlighting for easier reading, even 
in the worst light. Plus the fast 4 digit display 
provides tlie high resolution needed for adjusting 
power supplies and generators down to ImV, 
And only the Series 2000 features a menuing 
s)^stem for fast, simple feature access. 
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'['he Becknian Industrial Series 2000, priced 
frofii S209 to $279 offers you the best perfor- 
mance for your doll:ir. Look again at tlie.se feature.S: 

• 4 Digit, 10,000 Count Resolution 

• Basic Accuracy to 0. 1% 

• True RMS, AC or AC on DC 

• O.OlO Resolution 

• Automatic Reading Hold 

• 1ms Peak Hold 

• Fully Atuoranging Relative and Min Max Modes 

• Intermittent Detector 

• UL1244, lEClOlO Design 

• Tliree Year Wamint>^ 

Tlie Series 2000 olfei^i the most .solutions for your 
everyday test and measurement needs. The only 
DMMs designed by the people who use them. You, 

For more infomixition on these new DMMs 
call (outside CA) TS00-B54-2708 or , 
(inside CA) 1-800-227-9781. Beckman f3 # ' 
Industrial Corpoj^tion. 3883 Ruffin Rd.. UmM m 
San Diego, CA 92123-1898. 



Beckman IndumtrSmt 

An Affiliate of Emerson Electric Co. 
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WHATS NEWS 



A review of the latest happenings in electronics. 



Fluke and Philips 
restructuring 

John Fluke Mfg. Co.. inc. CEver- 
ett, WA) and Philips Electronics 
N.V. (Eindhoven, The Netheriands) 
on August 26 announced their in- 
tention to rBStructure their five-year- 
old alliance in the test and measure- 
ment business. Under the plan, 
which is expected to take several 
months to finalize. Fluke would ac- 
quine most of Philips' test and mea- 
surement operations for cash and 
stock. Once the contingency fac- 
tors have been met (approval by 
Ruke shareholders and the Philips 
Board of Management, and review 
by the appropriate sociat and reg- 
ulatory organizations). Fluke would 
acquire essentially all existing Phi- 
lips' test and measurement busi* 
nesses. with the exception of 
professional TV test equipment and 
power supplies. Fluke would then 
assume direct responsibility for 
worldwide marketing, development, 
manufacturing, sates, and support 
of most of the combined compa- 
nies present product lines. That in- 
cludes the acquisition of sales and 
service operations in Europe, About 
900 Philips employees would trans- 
fer to Ffuke, 

The management of both compa- 
nies see the move as a togical pro- 
grBssion in their alliance. According 
to Bill P^rzybok, Fluke Chairman 
and CEO. "All along, we have been 
evolving the alliance to optimize our 
performance and improve our posi- 
tion in a changing marketplace. It 
has become apparent to both com- 
panies that a unified management 
structure, aligned under a single 
mission, would accelerate our 
growth and success/' That mission, 
he said, is to position Fluke as the 
leader in compact, professional 
electronic test tools. The single 
focus is expected make the com- 
bined company more effective in 
product definition, design, and mar- 
keting, leading to streamlined pro- 
duction and better time-to-market 



for new products. In addition. Fluke 
hopes its European presence will 
allow the company to take advan- 
tage of EC ^92. 

The transaction is expected to 
add about $125 million to Flukes 
revenues, and to favorably impact 
Fluke's earnings per share begin- 
ning in the first year of operations. 
Fiuke expected to issue its proxy 
statement to shareholders in early 
November 

See-through magnetic 
material 

Scientists at Xerox Corporation's 
Webster Research Center 
CWebster. NY) have produced a 
transparent magnetic material with 
potential applications in color imag* 
ing, computer infomnation storage, 
magnetic fluids, and even magnetic 
refrigeration. (When a magnetic ma* 
terial is moved into a magnetic field 
it heats up: when moved out. it 
cools down. That so-called magne* 
tocaloric effect can theoretically be 
used to build refrigerators. AU 
though magnetic refrigerators have 
been built, none have worked at 
anything near room temperature.) 
The crystalline materia! is chemi- 
cally identical to the gamma ferric 
oxide that has been used for de^ 
cades to coat audio and video re- 
cording tape. But the crystals that 
make up the physical form of the 
new material are far smaller than 
those of conventional magnetic ma- 
terial. The Fe203 crystals compos- 
ing the magnetic matenal range in 
size horn two to ten nanometers. 
With such small crystals, the mate- 
rial loses its usual ferromagnetic 
property and becomes super- 
paramagnetic — a state in which the 
crystals v/ill stick to a magnet but 
not to each other. 

The transparency is an added 
bonus that is not generally found in 
magnetic materials at room temper- 
ature. The scientists have not yet 
determined why the nanocrystais 
are more transparent than the larger 



crystals of conventional Fe203. Al- 
though some transparent magnetic 
materials already exist, their mag- 
netic properties are either too weak 
to be useful, or they function only at 
temperatures near absolute zero. 

World's most powerful laser- 
light beam 

A breakthrough In the interna- 
tional race to create the world's 
most pov^rful laser-light beam has 
been achieved by scientists at The 
University of Michigan CAnn Arbor, 
Ml) and the French National Atomic 
Energy Commission. The 55- 
terawatt beam of laser iight^ — one 
terawatt is equivalent to one trillion 
watts — was produced in April 1992 
at the Centre d' Etudes de Limeit* 
Valenton CLimeil, France). The pre* 
vious record, set last year in sJapan. 
was 30 terawatts- The beam was 
produced by the Centers P-102 
laser with a laser amplification tech- 
nique and a second preamplifying 
laser developed by Gerard A. 
Mourou. pnsfessor of electrical en- 
gineering and computer science at 
Michigan, and his co-researchers. 

During the brief laser burst, re- 
searchers produced the 55- 
terawatt of power — the equivalent 
of 100 times the total electrical 
power generated in the United 
States. According to Mourou, "The 
laser beam can be focused over a 
spot smaller than the diameter of a 
human hair to produce extremely 
high power densities." The re- 
searchers say that the most imme- 
diate application of the new 
technology will be to determine 
what happens when extremely in- 
tense laser beams interact with 
matter 

Preliminary experiments showed 
that when high-powered laser 
pulses are shot through plasma^ 
shock waves are created that are 
capable of accelerating electrons 
close to the speed of light in very 
small distances. That could lead to 
Continued on page 74 




Audio/Sweep Generator 

•Sine/Square/Triangle 
•1Hz to 100kHz 
•Variable DC offset 
•Sweepabte 100:1 
Model 2001 



2MHz Sweep Function Generator ^ 
•0.2Hz to 2MHz •J^^'*''*!^ ' A 

•Duty-cycle, symmetry controls 
•son output 
•VCO Input 



Model 2002 



$219.95 



Digitally Syntiiesized Generator ^ 

•DCto1.6I^Hz ^'^'^^^ Ik 

•Trigger, Sweep, Burst, Hop and GatBmo|^ 
•Internal/External Sweep ^\ ^ W * 
•Sine, Square, Triangle, Ramps 
•Optional RS-485 communications port 
• 1 6 programmable memories 
Model 2003 $499.95 



1.600000000 f,1H2l 
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Compare the specifications and the prices of these four instruments 
with the competition. Then compare the labels, Global's say "Proudly 
Made in U.S.A.". Designed and manufactured in our Connecticut factory 
with the value and quality that Global is known for. The competitors, they 
look aiike because they are. Different names on the front. The same label 
on the back. "Made in Taiwan". 

With Global youllgeta Good Buy, and can say Good-bye to imports. 

^® Can't Wait? Call...1 -800-572-1 028 
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New Haven, CT 06512 
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VIDEO NEWS 



Whafs new in the fast-changing video industry. 



DAVID LACHENBRUCH 



• Nintendo goes 32-bit. Taking 
its competitors by surprise. Ninten- 
do announced that, unlike other vid- 
eo-game manufacturers, it will skip 
the current generation of 16-bit 
games and go directly to a 32-bit 
processor when it introduces its 
CD-ROM accessory next year The 
company announced that it had de- 
veloped a proprietary "Super FX" 
chip that will make possible 16-bit 
cartridge games with "true 3D 
effects/' Because its next-genera- 
tion cartridge games will be 16-bit. 
the company decided that it would 
need an enhanced CD-ROM to of- 
fer customers a ''truly superior 
game experience/' 

The nev/ CD-ROM drive will func- 
tion within the CD-ROM/XA en- 
vironment, Nintendo said, which 
theoretically would make it compati- 
ble with Philips CD-I. 

• VIS vs< CD-|p Tandy's Video In- 
teractive System, or VIS, designed 
to play CD-ROM's through consum- 
er TV sets (Electronics Now, 

November 1992)^ formally carries a 
suggested list price of $699. which 
includes Compton's Multimedia En- 
cyctopedia. Philip's incompatible 
CD-I system also lists at $699. after 
recent price reductions, and dealers 
have been selling it at $599. Con- 
sumers who bought players at high- 
er prices are being mailed coupons 
good for $100 worth of free soft- 
ware. In addition, purchasers return- 
ing warranty cards are sent 
coupons that are good for transfer 
of their photos to a Photo CD. The 
CD-I format is compatible with 
Kodak's Photo CD system (but VIS 
currently isn'tX 

• TV's are growing. Larger pic- 
ture sizes continue to grow as a 
shaiie of the teievision-neceiver mar 
ket. In the first half of 1992. sales of 
direct-view sets with tubes 30 
inches and larger (diagonally) were 
up 64% from the same period of 
1991. Projection TV sales were up 



14%. but the larger sized projectors 
(50 inches and [arger) rose by more 
than 21%. 

• Who's number one? Number 
one in TV set sales, that is. That 
position Is still held by RCA as the 
leading brand in the United States, 
with just over 16% of the market. 
Zenith continues as number two, 
with a little more than 10%. followed 
by Magnavox with 9%- Sony is 
fourth with 7%. and Sharp is fifth 
with 5V2%. The rankings are by 
Television Digest, which has been 
surveying TV market shares for 26 
years. In the first brand rankings for 
projection TV, Mitsubishi was the 
clear winner with 22,6% of the mar- 
ket, followed by Magnavox with 4% 
and RCA with 13%. 

• Digital HDTV works* The first 
report on digital high-definition TV 
by the Advanced Television Test 
Center (ATTC). which is testing pro- 
posed systems for the FCC. offered 
great encouragement for the future 
of digital TV transmission. Report- 
ing on the first digital system it test- 
ed — General Instrument s Di- 
giCipher — the ATTC's results indi- 
cated generally good picture quality 
with low levels of interference. Con- 
trary to doubts expressed in Europe 
and Japan, where analog systems 
are espoused, the tests showed 
that DigiCipher produces less inter- 
ference with other broadcasts than 
the analog NTSC system used in 
the United States. The tests also 
appeared to show that the Di- 
giCipher system can provide the 
same coverage distance from the 
transmitter as the NTSC system, 
but at 13-dB lower power. However, 
digital HDTV does appear to be 
more sensitive to phase noise, 
which can probably be overcome by 
the development of improved filters 
in TV sets. 

• Priming HDTV's pump. The 

fact that HDTV is technically possi- 



ble doesn't necessarily mean that it 
will proceed rapidly once a system 
is chosen. As a matter of fact, it's 
difficult to determine how the first 
HDTV pictures will be delivered — by 
ternsstrial broadcast stations, direct 
satellite, cable, or even possibly by 
prerecorded media such as video- 
tape or laserdisc. Although the 
FCC-sponsored tests are designed 
to determine the best system for 
terrestrial HDTV broadcasting. It's 
entirely possible that broadcasters 
will take a wait-and-see attitude to- 
ward HDTV before going to the tre- 
mendous expense of adding new 
studio and transmission equip- 
ment — and quite likely new antenna 
towers to disseminate two separate 
types of broadcasts during the inter- 
im period of HDTV's introduction 
while NTSC signals are still being 
broadcast. 

When color TV was introduced. 
TV station owners were extremely 
reluctant to add color origination 
equipment because the lack of au- 
dience meant that they couldn't 
charge advertisers a premium for 
color broadcasts. And it wasn't until 
10 years after the introduction of 
color W that consumers bought a 
million sets tn any yean (The figure is 
now well over 20 million a year) 
Broadcasters say they can't be cer- 
tain that there is any market for 
HDTV— but they do see a lucrative 
by-product of the current HDTV 
tests. All digital HDTV systems rely 
on data compression to squeeze 
four times the current information 
into a single 6-MH2 channel. So 
broadcasters are asking whether it 
might be more lucrative for them to 
use compression technology to 
cram two or more standard-defini- 
tion broadcasts onto a single chan- 
nel and thus help on-air broad- 
casters attain the multi-channel 
capacity that will let them compete 
with cable. 

Cable itself is in a better position 
than broadcasters to provide early 
Continued on page 74 



Plug a 

^ Friend into 

BeOrmcs 

NOW. 

and Save 017 A8! 

This Christmas give an electrifymg gift ... plug a friend into 
Electronics Nolo and brighten the whole new year! Whether 
electronics is your friends Hoelihood or hobby, your gift will 
illuminaie the whole spectrum of electronics throughout the 
coming year and provide a monthly reminder of your friendship. 



Electronics Now will keep your friend informed 
and up-to<iale with new ideas and innovations 
in all areas of eleclronics technologv^ ... 
computers, video, radio, stereo, solid stale 
devices, saielliEe TV. indusrrial and medical 
electronics, communications, robotics, and 
much, much more 

We'll provide great plans and printed circuil 
patterns for great electronic projects. In just the 
last year, Electronics Now has presented amateur 
TV equipment, computer peripherals, stereo 
transmitters, test equipment, speakerphones, 
r' »bots. audio amplifiers^ power inverters, and 
much more, 

in coming issues, Electronics Now will present 
practical, educational, and money-saving 
projects like: an electronic drum, an audio 
effects generator, communications equipment, a 
light-beam communicator a remote car starter, 
an uninterruptible power supply and many 
othersl 

PLUS ... equipment troubleshooting techniques 

circuit design reports on new technology 
and new products equipment test reports ... in- 
depth coverage on computers, video, audio, 
shortwave radio and lots more exciting 
features and article, 

•Bask sub fate— 1 yrmBST 2 fi$tm37 



SAVE S17.43* ... OR EVEN $35.83* For each 
gift of Electronics Now you give this Christmas, 
you save a full $17,43* off the newsstand price. 
And as a gift donor, yonre entitled to start or 
extend your own subscription at the same 
Special Holiday Gift Rate — you save an 
additional SI 7.43*1 

No need to send money if you prefer, we'll 
hold the bill till Januar>: 1993. But you must rush 
the attached Gift Cenificate to us to allow time to 
process your order and send a handsome gift 
announcement card, signed with your name, in 
lime for Christmas. 

So do it now ... take just a moment to fill in the 
names of a friend or two and mail the Gift 
Certificate to us in its attached, poslage-paid 
reply envelope. Ttiat's all it takes to plug your 
friends into a whole year of exciting projects and 
new idecis in Electronics Now! 
See page 1 00 A 
for envelope. 
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50-OHM TERMINATION 
I recently bought a card for my 
PC that lets me control things 
like motors and relays. My prob- 
lem is that the instructions tell 
me that each line to the relay or 
motor must be terminated with 
at least 50 ohms, I'm not exactly 
sure what that means, and I was 
hoping you could explain it to 
me.— G. Cherben, Nighten, IN 

Tm not exactly sure what kind of 
hardware you bought for your PC. 
but no matter what it is. yours is the 
kind of question I like — nice and 
easy. 

All the instructions are telling you 
is that each of the card's outputs 
want to see a load of 5D ohms. That 
kind of termination is standard for 
computer networks and other 
things. If you're having a hard time 
understanding why it s needed, 
think for a minute of the power*am* 
plifier outputs on a stereo. It's never 
a good idea to leave them uncon- 
nected to anything because an infi- 
nite load like that {that's what an 
open connection is) can put an un- 
necessary strain on the stereos 
output transistors. 

The same is evidently true for 
your controller card. Just as it 
doesn't want to see a direct short 
on the control lines, it doesn't want 
to see too high a resistance either. 

Tm a bit surprised that an external 
termination is required since it 
would have been easy for the card s 
designers to include it on the card 
itself. Most motors and relays have 
fairly low winding resistances, so 
the addition of a 50-ohm resistor is 
pretty silly— kind of l\ke putting a 1 0- 
amp fuse on a line that will draw a 
maximum of only 1 amp. Remember 
that adding a 50-ohm resistor in par- 
allel to a motor winding with a resis- 
tance of 3 ohms or so isn't going to 
add much to the equivalent total re- 
sistance of the pair 

You can buy 50-ohm terminators 
or just solder a 50-ohm resistor on 



the line. By the way for all intents 
and purposes, a 47-ohm resistor is 
close enough. 




FIG. 1— CRYSTAL OSCILLJMOR. if you 
use an inverting hex buffer like the 4049, 
powered from a 5- volt supply, the circuit 
wUI work with crystals as high as t4 MHz. 

CRYSTAL OSCILLATOR 
rm building a circuit that re- 
quires 3 crystal oscillator, but 
I'm not sure which design to 
use. I don't have to worry about 
any extreme temperatures, and I 
have a bunch of spare gates left 
over on the board. Most of the 
crystal oscillator designs I've 
seen require the addition of spe- 
cial chips, and I don't have a lot 
of room left on the board. Have 
you got a simpte circurt that will 



do the job? — J. Gilian, Hendon, 
NH 

If your requtrBments ai^ as simple 
and straightfon.vard as you say. the 
circuit in Fig. 1 is exactly what you 
need. It can be made from the extra 
gates you have, is self-starting, and 
is also extremely reliable. 

The circuit will work well with as 
little as a S-volt supply, and the crys- 
tal frequency limit really depends on 
the amount of gain there is in the 
gate you use. Something like a 
4049 wilt work with crystals as high 
as 14 MHz. If you use more than 5 
volts for the supply, you should be 
able to go even higher 

One interesting variation on this 
circuit is to use a two-legged gate 
instead of a simple inverter That will 
let you turn the design into a gated 
oscillator so you can tunr> it on and 
off under circuit control. I don't 
know if that s important in your ap* 
plication, but it's a good thing to 
keep in the back of your mind. 

SCAN RATES 

I know this information has 
probably been printed some- 
where before, but could you tell 
me what the scan rates are for 
the various kinds of IBM video? I 
have several monitors available, 
and Tm not sure which ones can 
be used with which graphics 
cards-— Heller, New York NY 

The variety of IBM video stan- 
dards has alw^s caused confusion. 
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It's usually a problem when people 
want to upgrade their video. In any 
event, the IBM standards are listed 
m Table 1. Notice that it doesn't in- 
clude any of the super VGA fre- 
quencies. The reason for that is 
simply because super VGA fre- 
quencies can be anywhere from the 
regular VGA standard to as high as 
50 kHz wRh a 70-Hz vertical refresh 
rate. That usually shows up when 
you get into super VGA with inter- 
laced or non-interlaced video. 

QIC AND EASY 
I have a QIC-40 tape backup in 
my computer, and I have just in- 
creased the size of my hard 
drive to 120 megabytes. I know I 
can back up the drive on several 
different tapes, but it's a pain in 
the neck to tag a bunch of files, 
back them upj then tag another 
bunch, back them up, and so on. 
is there an easier way or will I 
have to buy a tape drive with a 
larger capacity?— D* Tunn, Ten- 
afly, NJ 

I can't accept the idea that having 
to use a couple of tapes to back up 
your new, larger, drive is such a 
chore. You've obviously forgotten 
what it was like to back stuff up on 
floppies. But there are several alter- 
natives you can try. 

The first, and most obvious, is 
that the software that drives the 
tape usually gives you a way to build 
a tag list and. by specifying that you 
want to back up everything in the 
listed directories, you should be 
able to avoid having to tag the files 
individually. 

Most tape software also allows 
you to compress the files on the 
tape so you can effectively turn a 
40-megabyte tape into a larger one. 
The number of extra files you can 
get on the tape depends on what 
kind of files you have to back up, and 
how effective the software's com- 
pression afgorithm is. Text and other 
data files will squeeze down by at 
least 70%. That is only an estimate, 
but you should be able to get a sub- 
stantial savings by compressing the 
files as you back them up. 

If the software that came with 
your tape drive doesn't have any of 
those features, there are other pro- 
grams that wifJ provide them, 
QIC-40 is a standard that allows a 



tape recorded on any QIC-40 drive 
to be read on any other OIC-40 
dnve. 

Another alternative to shelling out 
bucks for a new tape drive is to use 
a DC 2120 cartridge rather than the 
standard DC 2000 that youVe prob- 
ably using now. Those cartridges 
are compatible with your drive and. 
because thinner Mylar is used for 
the tape itself, you can format it to 
about 60 megabytes. When you 
add data compression, you should 
be able to get over 100 megabytes 
on the tape. 

tf you are interested in buying a 
new tape drive. QIC-SO tape drives 
double the storage capacity of 
QIC-40 drives by packing twice as 
much data on the same tape. A 
QIC 80 drive formats a DC 2120 
tape to 120 megabytes, and roughly 
doubles that to about 250 mega- 
bytes using software compression, 
A new drive won't even set you back 
by much — QIC-80 drives, such as 
the Colorado Memory Systems' 
Jumbo 250, sell for as little as $2S0. 
mail order 

LESS TH AN MTS 

I have an RCA stereo TV that 
Vm happy with for the most part. 
It's just that, on occasion, a ster- 
eo broadcast will sound like it's 
coming out of a seashell. Td love 
to blame the cable company— 
and I usually can — but my VCR 
doesn't suffer the same prob- 
lem. Friends have told me that 
the problem is because my TV 
isn't a true MTS-compatlble set 
is this true?— M. Johnson, Lin- 
denhurst, NY 

Many people have complained 
about problems similar to yours — 
mcfuding the folks over at dbx. 
whose noise-reduction circuitry 
must be incorporated into any ster- 
eo TV circuitry in order for it to be 
called MTS. Lots of manufacturers 
insist that they can meet the MTS 
specifications without using dbx, 
but that's usually done to avoid pay- 
ing licensing fees to dbx. I suspect 
that your RCA TV does not have 
dbx, while your VCR does. If the 
noise really bothers you. and youVe 
not ready to buy a new TV — with 
dbx noise reduction — then just use 
your VCR as the tuner for as long as 
you have to. R-E 



By Studying at Home 

Grantham College of Engineering, 
now in our 42nd year, is highly ex- 
perienced in "distance education" — 
teaching by correspondence — through 
printed materials, computer materials, 
fax, and phone. 

No commuting to class. Study at 
your own pace, while continuing on 
your present job. Learn from easy-to- 
understand but complete and thorough 
lesson materials, with additional help 
from our instructors. 

Our Computer B.S. Degree Pro- 
gram includes courses in BASIC, 
PASCAL and C languages — as well as 
Assembly Unguage, MS DOS, CADD, 
Robotics, and much more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid-State 
Circuit Analysis and Design, Control 
Systems, Analog/ Digital Communica- 
tions, Microwave Engr, and much more. 

An important part of being pre- 
pared to move up is holding the right 
college degree, and the absolutely neces- 
sary part is knowing your field. 
Grantham can help you both ways — 
to learn more and to earn your degree 
in the process. o 

Write or phone for our free ^ 
catalog. Toll free, 1-800-955-2527, or |. 
see mailing address below. ^ 

i 

Accredited by 
the Accrediting Commission of the ^ 
National Home Study Council ^ 

o 

• 3. 

GRANTHAM | 

College of Engineering ^ 

Grantham College Road t3 
Slidell, LA 70460 
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DISTORTIONLESS POCKET 
STEREO AMP 

1 have some information regard- 
ing the "Pocket Stereo Amp" (Ask 
R-E, Electronics Now, August 
1992) that might be helpful to the 
person who was having distortion 
problems when using an LM386. 
I Ve experimented extensively with 
that IC* and while simplicity has its 
merits, we must remember that a 
job worth doing is worth doing well 
Because pocket stereos often have 
excellent sound quality, steps 
should be taken to maintain that 
quality when building an add-on am- 
plifier for it. 

The bare-bones design shown in 
Fig. 2 of the article might work, but 



the inclusion of 3 few junk-box com- 
ponents wi!i yield better results. I've 
been using the design shown to the 
nght. which is the one that generally 
shows up in projects that incorpo- 
rate an audio section. Though the 
values sometimes differ slightly, all 
of these components usually ap- 
pear in the circuit. 

The first time I built this amplifier, I 
omitted capacitor C3 thinking that it 
would be unnecessary with a bat- 
tery supply that contains no ripple. 
That resulted in severe distortion 
even at low input signal levels. The 
amplifier even tended to oscillate at 
times. After some head scratching. 
I connected a large-value elec- 
trolytic capacitor between pin 6 




The RMS225 was 
built around sim- 
plicity. Instead 
of a barrage of 
buttons to push, 
you simply L i ^ 
scroll through a ^ 
menu of special 
functions. 
Minimums, 



maximums and 
automatic read- 
ing hold arc 
simple functions 
with Beckman 
Industrial's 
RMS225. It's 
simply the best 
meter for the 
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(supply) and ground, which elimi- 
nated the problem completely. 

The amplifier can be driven with a 
line-level signal fnDm an auxiliary out- 
put or from the headphone jack of a 
pocket stereo. In the latter case, 
with R1 adjusted for maximum vol- 
ume level, the pocket stereos vol- 
ume control should be adjusted to 
the minimum level that will provide 
adequate sound. That will prevent 
the possibility of overdriving any 
LM386 s. Once that is done, Rl can 
be used to adjust the volume. 

If two such amplifiers are being 
used for stereo, C3 can be con- 
nected between the common sup- 
ply line and ground. If you use a 
power supply that contains a filter 
capacitor. C3 might not be neces- 
sary. C2 is optional as stated in the 
original article, depending on the 
need for gain. I necommend using it 
because even though the amplifier 
in the pocket stereo provides gain, 
most of that gain will be lost when 
the controls are adjusted to limit the 
level of the input signal. 

Capacitor CI can be omitted if 
there is no DC component on the 
input signal line. There probably is 
none if the source is an earphone 
jack or auxiliary output of a CD play- 
er or cassette player. I have occa- 
sionally seen pin 7 (bypass) 
connected to ground through a ca- 
pacitor, but it doesn't seem to make 



any noticeable diffenence in this ap- 
plication, so I've never used it. 

The design shown in Fig. 1 gives a 
surprisingly good sound consider- 
ing the low cost of the IC, 

As aiways, I'm grateful for the 
Letters column in Electronics 
Kow that aliows the exchange of 
information among readers. 
STEVE BABBERT 
Worthington, OH 

THEFT OF SERVICES 

I fell to understand you guys. Is 
Electronics Now a socialist 
magazine, advocating ripping off ca- 
ble companies because they are 
Robber Baron Capitalist Fat Cats, 
or something? Robert Grossblatt 
saySp "If the cable companies put 
the signal on your wire, you should 
have the right to use it." Does he 
steal from coir^ newspaper boxes 
too? After all, his quarter has pur- 
chased him access to the box, 
right? Hasn't he ever heard of "im- 
plicit contracts?" 

When he took his cable service, 
he agreed to take the services he 
paid for 1 agree that he should have 
the right to experiment. But if he 
steals programming, he isn't just 
stealing from the Fat Cat Cable 
Company — he steals from a lot of 
other people: technicians who work 
for the cable company artists who 
do the programming, electronics 
manufacturers who supply products 
to the cable companies, and ulti- 
mately from little electranics com- 
panies like mine. We design and 
repair cable, and that work keeps a 
technician and an engineer employ- 
ed. That's how / see it. And I think 
that the law agrees with me. 
P. MIHOK 

Don Mills, Ontario, Canada 

TURN-SiGNAL FLASHER UPDATE 

The circuit suggested by Timothy 
Brooks in September's Letters col- 
umn, designed to augment the too- 
faint click of the automobile turn- 
signal flashers Ca 47-^F capacitor in 
series with a small speaker con- 
nected across the flasher unit) 
works fine. However, there must be 
a current-limiting resistor in the cir- 
cuit. Without it. the speaker's voice 
coil soon opens up. 
FG. HUTCHINSON 
Redwood City, CA 



ANOTHER FLASHER UPDATE 

The letters in the September is- 
sue of Electronics Now, sug- 
gested different complicated elec- 
tronic solutions for amplifying an 
automobile's turn-signai sound. 
There is a much simpler solution to 
the weak turn-signal sound prob- 
lem; I have been using it for a 
number of years. Many automotive 
departments of retail stores stock 
replacement flashers. Look for an 
Ideal Loud Turn-Signal Flasher No. 
577V (Ideal Division, St. Augustine. 
PL 32084). 

It can replace any 12-volt, two- 
terminal flasher. Only one problem 
might be encountered: The loud- 
flashers case is slightly more than 
twice as long as a regular flasher's 
case. That becomes a pn^blem only 
if there is a ltd covering the terminal 
box containing the flasher. In that 
case, you can cut a hole in the lid to 
accommodate the new flasher, or 
leave the lid off entirely. 
VINCENT M. SARITI 
Dover, NJ 



DISKETTE CONVERSION 

In the QSA column in the Sep- 
tember issue of Electronics 

Now, there was a discussion of 
double- and high-density diskettes, 
and whether or not there really is a 
difference between them I have con- 
verted 3.5-inch Tloppy" disks fnom 
double-density to high-density by 
forming a hole in their cases, and I 
have found that the converted disks 
work fine without pnDblems- How- 
ever, be very careful not to let any 
smalt material chips get Inside the 
disk case. 

When a hole is made in the proper 
place, a small opening into the disk 
case is created. If a chip fnom the 
drilling or punching gets into that 
hole, it could cause serious damage 
to the disk — on even worse, to the 
disk drive. I consider drilling the hole 
to be out of the question, and rec- 
ommend using a very sharp and 
sturdy punch. Several of these are 
now on the market. 
EMERSON HOYT 
Beaverton, OR R-E 
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I any people who use digital 
multimeters— even Ihose 
I who use one every day — 
consider DM Ms to be little nnofB 
than commodity Items. Other peo- 
ple, especially those whose live- 
lihoods depends on the DMM, 
know the importance of a well de- 
signed meter. Theyll want to know 
about a new DMM from Beckman 
Industrial Corporation (Instrumen- 
tation Products Division, 3883 
Ruffin Road, San Diego. CA 
92123-1898): the HDf60 heavy 
duty digital multimeter 

The HD160 is the latest entry in 
Beckman Industrials "HD" line of 
heavy-duty DMM 's. tt is housed in a 
sleek, bright yellow case that mea- 
sures about 6.8 X 2.8 x 1 .3 inches. 
A black riibber holster is supplied 
with the DMM to provide extra pro- 
tection. Mhough the holster adds 
significant bulk to the meter. It can 
actually make handheld operation 
easJen thanks to two probe holders 
on the hoister. The user can hold the 
meter with one attached probe in 
one hand, and the remaining probe 
rn the other The probe holders also 
provide a secune. safe place to store 
the probes when the meter is not in 
use. 

The holster also provides a tilt 
stand that is particularly convenient 
for bench-top use: a tilt bale pro- 
vides fixed tilt angles of 20 or 60 
degrees from perpendicular We 
would expect the HDfdO to be used 
away from the benchtop as often as 
not. If youVe ever used a DMM 
while at the top of a ladder or while 
perched on the service platform of a 
large industrial machine, you*ve un- 
doubtedfy found that three hands 
could come in very handy. The 
HDteO offers what might be the 
next best thing: a Rex-Strap." The 
Rex-Strap is a Veicro-covered fabric 
strap that lets you hang the meter 
vertically from a wide variety of 
pipes, beams, and the like. Pipes up 
to about three inches tn diameter 
will serve just fine. 




A meter for heavy-duty 
professionals 
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The face of the meter is agreeably 
uncluttered. A large, T-position rota- 
ry contfDl sets the main function se- 
lections: AC volts, DC volts, 
resistance^ diode test/continuity. 
DC current, and AC current. Below 
the rotary control are four input 
jacks: a common, one for voltage 
and resistance measurements one 
for current measurements of 40 mil- 
liamps or less, and one for current 
measurements up to 20 amps. 

At the top of the meters face, 
below the 4*digit (10.000-count) 
LCD readout, are three round push- 
buttons: MENU. SELECT, and CLEAR. The 
sensible menu system is what helps 
keep the meter fece so uncluttered. 
When the meter is first powered up, 
it is in its autoranging mode. To 
change the range, you would press 
the menu key; a four-item menu 
(range, hold, rel, and min max) 
flashes above the digits. With the 
first press, the menu cursor is on 
the range selection. Successive 



pushes of the select button 
changes the range. Successive 
pushes of the menu button changes 
the cursor position. The clear 
button can clear a given entry, or it 
can clear the en tire menu, resetting 
the meter. We found the menu sys- 
tem to be intuitive. 

The meter's hold mode, which 
Beckman Industrial calls "Probe 
Hold." automatically freezes the 
meter's display when a stable read- 
ing is reached, That means the 
meter user can keep his hands on 
the probes, not on the meter — an 
important feature if you work around 
dangerous voltages. 

The relative mode lets the meter 
measure values with respect to a 
reference other than zero. The fea- 
ture works in the voltage, res is* 
tance. current, and diode-test 
modes. 

The nf^ax min mode lets the meter 
measure and record the minimum 
and maximum values of input sig- 
nals. The feature works with afl func- 
tions except diode test. The mode 
is not useful for capturing tran- 
sients, but it can be used to mea- 
sure the operating parameters of a 
circuit. The automatic power-down 
feature does not. fortunately, oper- 
ate in max min mode. 

An analog bar graph, made up of 
forty LCD segments, is useful for 
peaking circuits: they respond fast- 
er than the digital display C20 up- 
dates a second as opposed to 2 
updates a second), and— as with an 
analog moving-coil meter — small 
changes ans more obvious. 

The HD160 offers true-rms mea- 
surement capability depending on 
the input signals crest factor The 
crest factor is the ratio of a signals 
peak voltage to its rms value. A sine 
wave has a crest factor of 1.414. a 
full-wave rectified sine wave has a 
crest factor of 3.247. Signals with 
crest factors up to 5.0 can be mea- 
sured when the display is at or be- 
low 2500 counts. At half scale 
Continued on page 96 
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, DETECT & CAP 
Near Field Transmissions with 
Optoelectronics' New 

INTERCEPTOR" 



>Jt \ \ NEW 

K,^\^ \ TECHNOLOGY 
• Follows & Locks on even when frequency changes. 

• Intercepts ALL FM Two-Way Transmissions without gaps 
in coverage. 

• Does Not have lo tune through RF Spectrum to find signals. 

FCC Classified as Communication Test 
Instrument for: 

• Deviation, FM, FMN * Relative Signal Strength 

• Signaling Tones (CTCSS) • Modulation Morutor 

• Great for toting VHP, UHF k Cellular transmitters 

A New Dimension in Recreational ^- 
Monitoring - Intercept the Two-Way | 
Communication that Surrounds You- ' 

Increase Your RF Security. 
Hand Held/Shirt Pocket Size 

INTRODUCTORY OFFER 
Interceptor" RIO FM Communications 
Interceptor (Includes NiCad^AC/CMrger 
Adapkt, Atilenna, Earphone)..,, : $359. 

OPTIONS 

Headphones (Lightweight personal hcadptiones)**» S 15. 

A ntenna Pak 2 ( Five assorted rubber duck antennas - save S32,> « S 99. 

TC200 Tone Counter (CTCSS signalling tones) . — 179. 

APS-104 iExlends RF detection distance lOx)...... — ..5995. 

CFBOO Cellular Band Pass Filter/Amp I i fie r...« .5299. 




FACTORY DIRECT ORDER LINE X-800"327*5912 

305-771-2050 • FAX 305-771-2052 • 5821 NE 14th Ave., Ft. Lauderdale, FL 33334 
S% Ship / Hand ling (MixSl 0. ) U5. & Caiud a. 1 5 ou isid e cantinmtal U 5. Visa & .Vlasler Card actepted 
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No other traininj^ 
to troubleshooi 



computers 



Only NRI walks you through 
the step-by-step assembly of 
a powerful 386sx computer 
system you train with and 
keep— giving you the hands- 
on experience you need to 
work with, troubleshoot, and 
service today's most widely 
used computer systems. Only 
NRI gives you everything you need to start 
a money-making career, even a business 
of your own, in computer service. 



No doubt about it: The best way to Icam to service 
computers is to actually build a state-of-the-art 
computer from the keyboard on up. Only NKI, the 
leader in career-biiildtng at-home electronics training 
for more than 75 years, gives you that kind of 
practical, real-world computer servicing experience. 

Indeed, no other training — in school, on the job, 
anywhere— shows you how to troubleshoot and 
service computers like NRI. 

Get inside the West Coast 386sx 
computer system,., and experience 
all the power and speed of 
today's computer technology! 

With NRI's exclusive hands-on 
training, you actually build and 
keep the powerfiil new West 
Coast 386sx/20 iMHz mini tower 
computer system. 

Vou start by assembling and 
tes t i 0 g y o ur com pu te r ' s 101 -ke)" 
"intelligent" keyboard, move on 
to test the circuitry of the main 
logic board, install the power 
supply and 1,2 meg high-density 
floppy disk drive, then interface 
your high-resolution monitor. 

What's more, you now go on 
to install and test a powerful 40 
meg IDE hard disk drive— today's 
most-wanted computer peripii- 
eral— included in your course to 




DIAGNOSTIC HARDWARE 
AND SOFTWARE 

R.A.(r.[!.Il. p]i]|;-]n lli3J^o^tic 
caird ajitl Qitit k'I'ct li mciui- 
drivcn wfiw^src, l>t>ih frufii 
t)ltra-X. give you haiid^n 
experience with ttxlay's 
professional (liagntj.-itic uhA^ 



DISCOVERY LAB 

Complete hreadbtarnling sj-sicm 

Irtfi, you design and m(Klif>' 

circ ulLs, dl:ignotic ^nd repair (miIxs 

LESSONS 

Clear, illustnilcd texts 
build your undtfr^tundini; 
of conipulcrs step by step 



MONrroR 

High^rcsolution, nonglaic, 
14* TTL mtinocKromc 
monitor with lilt and swivel 
base 

DIGfTAL 
LOGIC PROBE 

Simplifies anal^7.ing di^it^ 
circuit t>pcr3iion 

DIGH'AL 
MULTIMETER 

I^fcssional test Instrument for 
quick and eas^- mexsuremcnls 



SOFTWARE 

Train with MSDOS, 
C;W'BA.SJC, and popular 
MJcfiTMjfi Works 
a.pf:iUcaijons Mift^'an: 





dramaticuliy increase your com- 
puter's data stonige capacity 
while giving you Hglitning- 
quick data access. But that's 
not all! 

Professional diagnostic 
hardware and software 
makes troubleshooting 
fast and accurate 

Your NRI training now includes 
a remarkable djagnoj>ttc pack- 
age that allo%vs you to quickly 
locate and correct defects in 
IBM XT, AT 80286/80386, and 



shows you how 
and service 
likeNRI! 



^EWl 40 MEG HARD 
DISK DRrVE! 

•i'iui in^xM ihis 10 meg IDH 
111 Til titjtk drive inicm^ly, for 
■rt att^ r da.U .stooge capatiiy 
iiitl iUiVj :i(."ccs?> speed 

NEW! 336SX/20 MHz 
MINI TOWER COMPUTER! 

met; "AM. 6 Ik ROM. LJ meg 
higJuJensiiy fliippy disk drive 




NliE gives you the confidence and the know-how to 
step into a full-time, money-making career as an 
industr)^ technician, even start a computer service 
business of your own! 

No experience necessary. 
NRI builds it in 

With NRI, you learn at your own pace in your own 
home. No classroom pressures, no night school, no 
need to quit your present job until you're ready to 
make your move. And all diroughout your training, 
you have the full suppon of your personal NRI 
instructor and the NRI technical staff, always ready 
to answer your C|ucstiDns and give you help when- 
ever you need it, 

FREE catalog tells more. Send today! 

Send today for NRI's big, free catalog that describes 
ever>' aspect of NRI's innovative computer training, 
as well as hands-on tniining in 'IT/vidco/audio 
servicing, telecommunications, industrial electron- 
ics, and other high-growth, high-tech career fields. 

If the coupon is missing, write to NRI School of 
Electronics, McGraw-Hill Continuing Education 
Center, 4401 Connecticut Avenue, NW, Washington, 
DC 20008, 



QiikkTcch jndH A €.B R- itc registered tra Jemarkji of LfLtra-X, Inc. 
West Co3M is z mrnibpcr tJf ilic Syntax Group- 



compatible computers. 

You'll use your llltra-X 
QuickTech diagnostic software 
to test the system RAM and 
such peripheral adapters as 
parallel printer ports, serial 
communications ports, video 
adapters, and floppy anil hard 
disk drives. YtntH go on to use 
your R.A.C.E.R. diagnostic card, 
also from tJltni-X, to idcntif>' 
individual defective RAM chips, 
locate interfacing problems, and 
pinpoint defective support chij>s. 

This ingenious diagnostic 
package is just one more way 



School of 
Electronics 

McGnnv-UiU C.ontinumg Ixlicatiori Center 
i \ <:<mneciiciit Avenue. NW 
Vi^Hshington, DC 2{K)08 

^^Chcck one FREI; catalog only 

I. iMICROCOMPUn-R SERVICING 

I : TVA'ideo/Aiidio Scmcirtg 

[ 1 Industrial lilectronics & Robotics 

U Tclecoitinninicaiions 

□ Basic Electronics 



For career courses approved 
under GI Bill 
□ check ft>r dct:ijls 



□ Computer Programming 
O Security Elect rani cs 

□ Electronic Music Technology 

□ t>csktop IHibiishing 

□ Profimmming in C++ with Windows 



^ Name 


CPlciK print) 


Arc 


H Address 




Accredited" Member, Nalsonal Home Study CounciF 


0003-1292 







NEW PRODUCTS 



Use the Free Information Card for more details on these products. 
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PROGRAMMABLE PC- 
BOARD TESTER, You can 

lest more than 600 TTL and 
CMOS digital IC*s with as 
many as 28 pins with a new 
Mode/ 560A B^K-Preci- 
ston tester Said to be able 
to perform in- and out-of- 
ctrcuit tests, it was de- 
signed for both speed and 
accuracy. 

The testers vacuum flu- 
orescent display and front- 
panel LED s prompt the 
user through the test pro- 
cedums for a device, and 
clearly indicate test results 
and the IC prns where 
failure has occurred/The 
"loop test" continuously 
checks the device under 
test until a failure is en- 
countened. This technique 
detects intermittent 
failures before the compo- 
nents are assembled in a 
product. 

A memory stores re- 
sponses from a known to 
be good PC*board for in- 
ctrcult testing. 

Responses are perma- 
nently stored in one of two 
internal EEPROM's or any 
of the four EEPROM's lo^ 
cated behind the instru- 
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menl's front-panel access 
door In out-of circuit test- 
ing, the device to be tested 
is inserted into the zerunn- 
sert ion -force socket on the 
instrument, and a button is 
pressed so a display shows 
either a "pass" or "fair* and 
the pin numbers that have 
been identified as faulty. 

The Model 560A in- 
cludes a device data library 
that contains data on more 
than 90% of existing 14- to 
28'pin ICs. That library will 
be updated fnee of charge 
as new IC's are introduced. 
Optional AK-560A custom 
programming software. 



which does require a pro- 
cessing by a personal com- 
puter, allows users to 
organize tests for non- 
standard and custom TTL 
and CMOS ICs. 

The Model 560A is sofd 
complete with an instruc^ 
lion manual, condensed in- 
structions, to library list, 
power cord, in-circuit IC 
test cfips and cables. 
EE PROM for board -test 
routines, ground cable, and 
a spare fuse. It has a price 
of $3500 — B + K-Precl- 
Sion, 6470 est Cortland 
Street. Chicago, IL 60635; 
Phone: 312-889-1448, 



RADAR-DETECTOR TESTER. 

When you are out driving, 
do you worry that your 
radar detector might not be 
working correctly^ — and 
you could get caught in a 
speed trap? 

Dynaspek eases your 
worries with its Leash, just 
what you need to be sure 
that your radar detector 
(and those of your friends 
and neighbors) are up to 
snuff. A handheld radar 
transmitter it simulates the 
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feared signal of an X-band 
police radar gun. Used to 
test detectors, the unit ac- 
tivates when a button is 
pressed, A single red LED 



indicates that it s transmit- 
ting. A full signal intensity 
reading will appear on your 
police radar detector if it is 
functioning properly. The 
"Leash'' has an effective 
range for test purposes of 
up to a mile. 

The size of an audio cas- 
sette tape. C4.5 x2:75 X t 
inch). The Leash transmits 
at least 12 milliwatts of 
power at 10.525 GHz. The 
manufacturer specifies an 
8 dB antenna gain and a 36 



X 72 antenna beamwidth, 
A 9-voit alkaline battery will 
keep it on the air for about 
six hours of continuous 
use, and will power it for 
several months of intermit- 
tent use. 

The Leash has a list price 
of $99^Dynaspek. Box 
564. Westmont, IL 60559? 
Phone: 708'325-7450. 

CABLE SCANNER UN TEST- 
ER, It is now possible to 
eliminate local-area net- 
work faults and decrease 
network downtime when 
malfunctions occur with 
the Cable Scanner LAN 
tester from Contact East, 
The tester works with 
Ethernet. ARCnet, Star- 
LAN, Token Ring, Twisted- 
ftir and other networks. 
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A stand-alone tester. 
Cable Scanner permits 
system analysis to deter- 
mine if the fault is within the 
cabling. It then assists in 
pinpointing the location of 
the faults or breaks. The 
scanner provides measure- 
ments of cable resistance 
and noise level, and gives 
audible continuity checks. 
It can accommodate a line 
printer to log activity. 

After the fault has been 
located with CE's Cable 
Scanner, an internal 
"Tracer" circuit indicates 



exactly where the cable rs 
located in the wall or above 
the ceilir\g. It picks up sig- 
nals intrDduced into the the 
cable by the scanner. The 
Cabte Scanner can also be 
coupied to a personal com- 
puter or oscilloscope for 
system analysis while the 
LAN is operating. The com- 
plete Cable Scanner sys- 
tem includes the Tracer 
three adapters (Ethernet, 
ARCnet. and twisted-pair), 
printer cable, a PC pro- 
gram disk, printer test con- 
nector. six AA nickel- 
cadmium rechargeable bat- 
teries, and an operators 
manual. The tester is in a 
case measuring 1 x 
4 X 7.5 inches and weighs 
2 pounds. 

The LAN Cable Scanner 
is priced at $1495 —Con- 
tact East. 335 Willow Street 
South. North Andover MA 
01845: Phone: 
508-682-9844. 

SOLOER PASTE EVALUA- 
TION KIT- Solder cream, 
powdered solder mixed 
with flux, has many advan- 
tages over conventional 
fluX'Core wine solder or pre- 
forms in electronics man- 
ufacturing. The cream can 
be applied more precisely 
to the parts to be soldered, 
less solder is needed, 
there is better control of 
metal deposition, and the 
wetting of metals to be 
bonded is more uniform. 
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ESP is offering its K/r-5. 
containing five pre- 
packaged containers of 
ESP solder cream, molded 
dispensing tips, and a re- 
usable hand dispenser for 



precise solder applfcation 
to help you evaluate its 
product. The kit includes 
two tubes each of 60% tin, 
40% lead solder paste alicy 
and lead-free 96% tin and 
4% siker solder Each 35- 
gram tube rs supplied with 
both an activated rosin flux 
and a water-washable flux. 
Also included in the kit is a 
prepackaged tube of ESP's 
activated rosin paste flux 
for evaluating its desofder- 
ing effectiveness. 



The K/f -5 evaluation kit is 
priced at $89,— ESP Solder 
Plus. 14 Biackstone Valley 
Place, Lincoln, Rl 
02865-1145: Phone: 
1^800-338*4353; Fax: 
401 '333-4954. 

DIAGNOSTIC CARD. A faulty 
power supply can intro- 
duce errors into a comput- 
er The Power Good from 
Sibex is said to be the first 
diagnostic card dedicated 
to the test of PC power 
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supplies. It is intended to 
assure the user that quality 
power at the specified volt- 
age is being drawn by the 
computer 
The user plugs the card 



Electronics Workbench 

The electronics lab in a computer 

Powerful software to build 
and simulate analog and 
digital circuits. 



® 



Building and testing dmiits is fast and 
easy wiih Electonks WoTkbettdi Just 
dick-amklrag with a rmme io add parts 
run ^ires, and adjusi ia<:tnrnienl^ The 
tracts on the simulated imtmnicnis arc 
the same as you'd get on real equipment 

Eiedronks Workbench really is an 
dectronics lab in a computer. It's ideal for 
learning about electronics, experimenting, 
and prototyping circuits. 

"Ekctronks Workbench is pretty 



DOS Professional \'crslon - $299 
Macintosh Version - Sl99 
Elecironks WoMemJi Indudcs: 

components uicluding transistors, diodes, and 
op^amps; a (wKtion gcncnior. m osdllcjsaspe, 
a mulUmctcf , and a Bode pkmcr. 
• i?f^^Jfarfiili>i^ithgat»,fltpAops, adders, 
a ^"Ofd genciator, a \opc aiial)7cr, and a 
onujue bgic roni-t^rtfr and simpBfier» 

(416) 361-0333 

(nteractlve Image TccfinolDgles Ltd. 
908 Magara Falls Boulevard 
N'orth Tonawanda^ NY 
14120-2060 
fax (416) 368*5799 
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Rest assured, no scope was injured in the making of this ad 

After all, the volunteer is a member of our new TAS 400 family of analog 
^ oscilloscopes. And every TAS has its entire acquisition system [including 

vertical, horizontal and trigger functions for each input 
channel) housed on a proprietary hybrid circuit, 
•^j^ The result is a kind of scope on a chip. ^ " a* 

^ ^ ^'^^ ^^^^^ fewer parts and far greater 

rehability. In fact, the TAS is tliree times 

^^^^ reliable than previous scopes. 

What's more, 
^^^^^ each and every 
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conies with smashing features hke AutoSet, on-screen cursors and readout, dual timebases, 



and save and recall settings. Plus a xmique user interface that makes Ihe 60 MHz TAS 455 
and 1 00 MHz TAS 465 easier to use and dramatically unlike any other analog scope. 

A claim that is further backed up by their remarkably alfordable price. 

But then a lot of performance for not a lot of money is exactly what the TAS is all about. 
Scopes that add to a long list of low-cost Tektronix products. Like our handheld 60 MHz 224 




digitizing oscilloscope. 




Our fully programmable 



analog/digital 2212 scope. And our family of affordable and 
I Ti^ji'^ stackahle basic test gear. 

Now that's a lot to 
drop on you in one ad. So to leam more 
about these and other economical 
Tektronix products, call your 
authorized Tektronix distributor today. 
Or call us at (800) 426-2200, ext. 140 



to place your order or for the 




name of the distributor 
nearest you. 



9, 



Tektronix 
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Test and MeascirEment 
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^ Clean Without CFCs 
or 1 J,1-Trichloroethane 
With New HCFC Blend 
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Tech Spray has developed a fast-acting and highly effective cleaner 
called Envi-Ro-Tech''' 1677(1677) that uses a fofmulaiton ol HCFCs 
and other non-CFC chemicals. 

This extremely pure product is non-corrosive, making it safe for use 
on most efeclronic equipment. Envi-Ro-Tech 1677 is effective in 
removing oils, greases* dirt, silicone, fkj)(es iind similar soils. 

Although Envt-Ro-Tech 1677 has universal cleaning power, its fow 
surface tension 
makes it ideal for 
precision and mic- 
roscopic cleaning. 

For a sample of 
this, or any Tech 
Spray cleanetr 
defiuxer, duster or 
freeze spray, contact 
our Technical Assist- 
ance Department 
toll free a{ 
1 "800-858-4043. 





anvi-RO'Tech™ 1677 (i677} 



TECH SPRAY, Inc, 
RO. Box 949 
Amarillo.TX 79105-0949 
(805) 372-8523 
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AN ECONOMICAL 
KEYBOARD-CONTROLLED 
KEPCO BENCH POWER SUPPLY 
75 WATTS 

Choose from four Digilaf Power Supplies: 0-12. 5V Of 6A, 
0-24V (a 3A. 0-40V (h 2k or 0-1 25V 0.5A. Each one 
offers precise, repeatable vottage control with two current 
ranges. Fully protected for overvoltage or overcurrent. 
Bonus: You can program the output from your PC's seriaf 
port {RS232 software included) and read back too! 
The DPS is an affordable professional instrument and 
belongs on your bench. 

Want more info? Ask for DPS" brochure^ 146-1768. Call-wrile-fax: 
Dept. MXS-87, Kepco Inc. 131-38 Sanford Avenue, Flushing. NV 
11352 USA • Tel: (718) 461-7000 • Fax: (718) 767-1102. Use your 
VISA or MASTERCARD, Immediate delivery 5-year warranty 



I KEPCO, 

THE POW£R SUPPLIER ' 



m 



into an expansion slot on 
his PC and observes the 
included LED lamps. Green 
LED's indicate a good 
power supply. Red or 
yellow LED's indicate prob- 
lems. The unit tests each of 
the four voltages for high- 
or low-voltage conditions 
and the presence of ripple 
or noise. A built-in latch de- 
tects spikes and tran- 
sients. A connector on the 
card allows the user to test 
power supplies before they 
are installed in the users 
computer. 

The Fbwer Good card is 
priced at $139.95 —Sihex 
Inc.. 1040 Harbor Lake 
Drive, Safety Harbon FL 
346 9 5; Phone: 
813-726-4343: Fax: 
813-726-4434, 

FM COMMUNiCATIONS RE- 
CEIVER, A snnall handheld 
FM radio 'receiver is now 
available for security, com- 
munications, and recrea- 
tional monitoring. The 
Model Rio FM Communi- 
cations Interceptor from 
Optoelectronics is c fas si- 
fted by the FCC as a com- 
munications test instru- 
ment. It can measure 
deviation (wide and narrow 
band), relative signal 
strength, signaling tones 
CCTCSS). and other de- 
modulated FM- The re- 
ceiver can also test VHF 
UHF. and cellular radio 
transmitters. 

According to its man- 
ufacturer, Model RIO. un- 
like conventional radio re- 
ceivers or scanners, re- 
ceives any strong signal 
present, and is actually sta- 
bilized by the received sig- 
nal The company says the 
Model RIO does not have 
to be tuned to a specific 
frequency to receive a sig- 
nal. Any FM signal from 30 
MHz to 2 GHz can be inter- 
cepted without any gaps in 
coverage. 

The Interceptor works 
best in the near-field, the 
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region surrounding a trans- 
mitter where signal 
strength is high but falls off 
rapidly with increasing dis- 
tance. The receiving range 
varies, depending on the 
presence of strong signals 
in adjacent bands. But dis- 
tances of 200 to 400 feet 
frc^m a 5-watt UHF or VHF 
transmitter are typical for 
Model RIO. 

The unit is completely 
automatic for hands- free 
operation, and is small 
enough to be carried in a 
shirt pocket. For test ap- 
plications, demodulated 
audio output is available 
from a steneo phone jack. 
The RfO also has a built-in 
speaker 

A lock-release pushbut- 
ton frees the unit to lock 
onto a different signal. This 
feature is handy when sev- 
eral relatively large signals 
are present. Dual ten-seg- 
ment bargraphs indicate 
deviation and relative signal 
level. A pushbutton switch 
selects wide- or narrow- 
band bargraph calibration. 
An internal rechargeable 
battery pack provides up to 
six hours of operation. 

The Model RIO FM 
Communications Intercep- 
tor is priced at $359.— Op- 
toelectronics Inc., 5821 NE 
14th Avenue, Fort Lauder- 
dale, FL 33334: Phone: 
800-327-5912 or 
305-771-2050; Fax: 
305-771-2052. 
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$1095 

Standard 




$igg95 

High Performance 



GREAT 
VALUE! 



Standard Features - Models 100, 150. 200 & 400 

• AC & DC VOLTAGES • DC CURRENT ©RESISTANCE 

• CONTINUITY TESTER - Buzzm • DIODE TEST •31/2 Dm LCD 

• LOW BATTERY INDICATOR • ACCURACY +/- 0.5% RDG 



Kelvin Motors back&d by a 
2 Yr Worranry - Parts & Ubor 



PRO 400 ! 




100 Basic ISO Baslc+ 200 Advanced 



BATTERY TEST TRANSISTOR TRAfJSISTQRm 



KEL YIN 

100 Basic 

$1995 



BATTERY TEST 
KBLVtN 

f gsooso 

$2995 



CAPACiTANCe 
AGtX: CURRENT 
KELVIN 

200 AdvarK^ 

$3995 



Protective Cases 

For Models TOO, tSO, 200 M-** {9900a«> 

Case Fof Mod«t Pro 400 *9.^ tnoom 



aOMHzFREQ 

COUNTER 

ACtX; CURRENT 

CAPACfTANCE 

LOGCtEST 

TTWlSlSTORnFE 

LED TEST- 

VEtlfV QOOOeAD 

K£LVIN 

1 090093 

PRO 400 




Model 92 Model 93 Mod4l 95 

PBRFOFff^ANCe £M4 GHQSnC BHGlfiE ANAL Y2£B ^ 



Standard Features - Models 92, 93, 94 & 95 

• DC/AC VOLTMETERS • AC/DC CURREfJT • OHM METER 

• FREQUENCY COUNTER lo 4 MHz • AUDIBLE CONTINUITY TESTER | 

• DIODE TESTER • MAX/MIN AVERAGE MEMORY RECORD 

• RELATIVE MODE • 10A HIGH-ENERGY FUSE PROTECTION 

• DATA HOLD • AUTO SLEEP & AUTO POWER OFF 

Cdnipiete wlE^ above Sims>dmrd Fmmturwm 
WATER RESISTANT [92 A W fM&s cnSy). 
2 YEAR WARRANTY, YELLOW HOLSTER, 
PROBES. BATTERY. FUSE. STAND 

Comptene M!ti Stmndard A MotM 92 Fsstvns piuS I 
LOG2C PROBE, CAPACITANCE TESTER. 
TRANSISTOR TESTER, TEMPERATURE! 
TESTER & K-TYPE PROBE. HIGH VOLTAGE | 
WARNING BUZZER 

Compt^te wlih Stmmiard 4 Modmi 02 Fmmturwm plus 
TEMPERATURE. TACHOMETER & DWELL 
ANGLE TESTER, DUTY CYCLE. 10 MEGA 
OHM IMPEDANCE. ANALOG BAR GRAPH, 
KTYPE TEMP PROBE. ALLIGATOR CLIP 
TEST LEADS, INDUCTIVE PICKUP CUP, 
6' TEST LEADS & CARRY CASE 



PEBFOHMAHCB'^ 
Mt>d*l 92 # 990109 

*119«= 

llQdiISa #990110 

$14995 

BNQINE ANALYZeF 
Mod«l95 # 990112 

$19995 



The Ultimate Meter 

TRUE RMS -iLGR - Hiz - dBm 



'iwmiiiiiiiiitHuiiimiHiiitiiuir 



•^2™' n 



aulo 
power off 



LCR-Hz-dBni 



KELViN TRUE RMS ' 




12 tNSTRUMENTS IN ONE - DC VOLTMETER, AC VOLTMETER, 
OHMMETER. AC CURRENT, DC CURRENT. DIODETEST6R, AUDIBLE 
CONTlHUlTYTESTERpdBm.FREQCOUNTlR. CAPACITANCE METER 
INDUCTANCE METER, LOGtC PROBE C ^ ^)/) 95 



0.1% ACCURACY 
on DC Vofl3ges 



199 



MODELS 
#990111 
COMES COUPLETE WFTH 
YELLOW HOLSTER, PROBES, 
BATTERY, FUSE, STANO 



10 MEGA OHM IMPEDANCE 
RELATrVE MODE / DATA HOLD 
lyyUOMIN AVERAGE MEMORY RECORD 

IDA HIGH-ENERGY FUSE PROTECFJON , , 

AUTO SLEEP & AUTO POWER OFF wifi Bypass [ Freq Count&f to 20 Mm 



Cases for 90 Series Meters 

RoQWiar Padded Zlpparad .„ ^9.^^ IiM0Ji6> 
Detune Padded Zlppored ... *1 4 (f^i i Si 



This motor a designed in 

niqiJ!fefT^w*js OS spocif^ed in lEC- 
348, UL-1 244 and VDE-04t t . 



^^^HBH^^^^^^^^^^H 10 HUB DRIVE 

KEL V I N " 

tAlC & VISA 

(800) 645-9212 Established 1945 
(516) 756-1750 (516) 756-1763/FAX 
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ELECTRONICS WORKBEHCH 
SOFTWARE. IntefBctivB im- 
age Technologies Ltd calls 
its Electronics Workbench 
software '"the electronics 
lab in a computer/' The pro- 
gram in a computer is said 
to allow users to design, 
assemble, and test analog 
and digital circuits by sim- 
ulation, The company rec* 
ommends its software for 
teaching electronics, elec- 
tronics expenmenting, and 
the prototyping of circuits. 
The patterns on the com- 
puter screen are identical 
to those that would be dis* 
played on an oscilloscope 
in an actual test procedure. 
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The program consists of 
two modules: the analog 
module permits the simula- 
tion of electronics compo- 
nents and transistors as 
they would be done with 
hardware in a real lab. The 
digital module provides 
simulated ideal digital com- 
ponents and instrunnents 
needed to butid and test 
logic circuits. The analog 
module includes SPICE 
simulation. This permits 
both transient and steady- 
state analysis. 

Among the components 
that can be simulated with 
the software are resistors, 
capacitors, inductors, 
transformers, diodes. 
LED's, bulbs, fuses. Zener 
diodes, and transistors. 
Both AC and DC voltage 
and current sources can be 



simulated. A function gen- 
erator provides square, tri- 
angulan and sinusoidal 
waves for lest purposes, 
and 3 multimeter, dual- 
trace oscilloscope, and a 
bode plotter can be called 
up for making simulated 
on-screen measurements. 

The digital module per- 
mits the simulation of ideal 
logic: and, or, xor. not, 
NAND. and NOR gates. Also 
a^/ailable in the program are 
RS. JK, and D-flip-flop 
functions, a half adder, and 
a seven-segment LED dis* 
play The user can call up a 
voltmeter and an eight- 
channel logic analyzer to 
check out his work. Both 
logic conversion and sim- 
plification can be per- 
formed with the software. 

Three versions of 
Efectronics Workbench are 
available: 

• IBM -compatible Profes- 
sional — a color version that 
supports a math 
coprocessor, 

• Personal Plus— for IBM 
PCs and compatibles, a 
monochrome alternative. 

• Macintosh Program — 
available in monochrome 
only. 

The FVofessional Version 
of Electronics Workbench 
is priced at $299 — Interac- 
tivG Image Technologies 
Ltd, 908 Niagara Falls Bou^ 
levard, North Tonawanda, 
NY 14120-2060r Phone: 
416'361'0333: Fax: 
416368*5799. 

DC-TO-AC POWER INVER- 
TER, Progress is still being 
made in the development 
of DC-to-AC power inver- 
ters, according ioStat- 
pawer Technologies. The 
company says its new 
PROwatt 800 12- volt DC 
to 1 15-vott AC power inver- 
ter is designed for indus- 
trial applications and has a 
power output of 1000 watts 
for 10 minutes, 900 watts 
for 30 minutes and BOO 
watts continuous. 
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The PROwatt inverter is 
packaged in a small case 
measuring 3 x 9 x 10 
inches and weighs five 
pounds. It can produce 
very high temporary power 
levels to run loads with high 
starting surge require- 
ments Csuch as com- 
pressor motors). An LED 
bar-graph display provides 
continuous information on 
battery voltage and power 
draw. The unit can be easily 
connected to any deep-cy- 
cle storage battery. 

PROwatt's low no*load 
current draw easily permits 
the conversion of most of a 
vehicle's battery power to 
usable AC power. Solid- 
state circuits regulate the 
output voltage and fre* 
quency. Ptawatt's modified 
sinewave output is suitable 
for most electric motors 
and inductive loads. The 
output waveform does not 
change as the input voltage 
rises or falls. This permits it 
to power computers, test 
equipment, TV's. VCR's, 
and CCTV equipment from 
an automotive supply. 

PROwatt 800 shuts 
down if the battery voltage 
exceeds its high and low 
limits. Audible alarms and 
LED indicators warn of 
Faults so that corrective ac* 
tion can be taken. Once a 
fault is corrected* the unit 
will automatically restart. 

The PROwatt 800 is 
priced at $499.— Stat- 
power Technologies Corpo- 
ralion, 7725 Lougheed 
Highway, Burnaby. BC. 
Canada. VSA 4V8; Phone: 
604'420-1585: Fax: 
604-420-1591. 



RGB VIDEO GENERATOR. 

This programmable RGB 
video generator is intended 
for use in the design, pro- 
duction, service, and quali- 
ty control of the most 
advanced computepdriven 
CRT and LCD monitor dis- 
plays. The Leader mode! 
t605 handles pixel rates to 
300 MHz. Its graphic user 
interface uses on-screen 
menus and graphic dis- 
plays with mouse control to 
provide visual guidance in 
raster assembly pattern 
selection and design, sig- 
nal drive options, storage, 
and retrievaL Waveforms 
are displayed to help in 
organizing rasters, and pat- 
terns are assembled on the 
screen with a palette of 
256 colors from a range of 
16.7 million colors. As 
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many as 100 addresses 
can be stored in both RAM 
and ROM and storage ca* 
pability can be expanded to 
1800 addresses on the 
built-in floppy disk. 
EPROM's can be pro- 
grammed by the this video 
generator without addi- 
tional equipment, and it will 
accept data from all earlier 
Leader RGB video gener- 
ators. High-speed data 
transfer can be carried out 
with analog, TTL. and ECL 
outputs. Those outputs 
have a mde range of sync 
options including tn-ievei 
sync, half-line equalizers, 
and serrations. 

The Model 1605 RGB 
video generator is list 
priced at $18.500.— Lead- 
er Instruments Corporation. 
380 Oser Avenue, Haup- 
pauge. NY 11788: Phone: 
800-645*5104 Cin NY, 
516-231 6900). R-E 



Graduate as a Fully liramed 
Electronics Professional! 



If yau want to leam about etectronics, 
and earn a good income with that 
knowredge. then 0£ Is the t>est 
edocational vafue you can receive. 

OE's reputation as the world 
feader in home study electronics is 
teased sotefy on the success of our 
graduates. And we've earned our 
reputatron with an unconditional 
commitment to provrde our students 
with the very best electronics training. 

Just ask any of the T 50,000-plus 
graduates of the Cleveland Institute of 
Electronics who are working in high- 
paying positions with aerospace, 
computer, medical, automotive and 
communications firms throughout the 
world. 

They'll tell you success didn't come 
easy.. .but it did come,., thanks to thejr 
CIE training. And today, a career in 
electronics offers more rewards than 
ever before, 

CiE S COMMITTED TO BEING 
THE BEST... IN ONE 
AREA,,. ELECTRONICS. 

QE isn't another be^erythrng-to- 
everyone school. CIE teaches only 
one subject and we beJieve we re the 
best at what we do. Also, CIE is 
accredited by the National Home 
Study Council. And with more than 
1,000 graduates each year, weVe the 



largest home study school specializing 
e^cclusiveiy in electronics. CIE has 
been training career-mrnded students 
like yourself for nearly sixty years and 
we're the best at our 
subject,, ELECTRONICS. BECAUSE 
ITS THE ONLY SUEL/ECT WE TEACHI 

CIE PROVIDES A LEARNJNG 
METHOD SO GOOD ITS 
PATENTED. 

CIE's AUTO-PROGRAMMED' lessons 
are a proven learning method for 
building valuable electronics career 
skills. Each lesson is designed to take 
you step-by-step and princrple-by* 
principal. And while all of CIE lessons 
are designed for independent study. 
ClE's instructors are personally avail- 
able to assist you with just a toll free 
call. The result is practical training.., 
the kind of experience you can put to 
work in today's marketplace, 

LEARN BY DOING. WITH STATE- 
OF THE-ART EQUIPMENT AND 
TRAINING. 

CIE pioneered the first Electronics 
Laboratory Course and the first 
Microprocessor Course. Today, no 
other home study school can match 
ClE's state-of-the-art equipment and 



training. And all your laboratory 
equipment, books and lessons are 
included in your tuition, li^s all yours 
to use whrfe you study and for orHhe- 
job after you graduate, 

PERSONALIZED TRAINING.... TO 
MATCH YOUR BACKGROUND, 

While some of our students have a 
working knowledge of electronics 
others are just starting out. That's 
why CIE has developed twelve career 
courses and an A. A.S. Degree pro* 
gram to choose from. So, even if 
you're not sure which electronics 
career is best for you, CIE can get you 
started with core lessons applicable to 
all areas in electronics. And every CIE 
Course earns credit towards the 
completion of your Associate in 
Applied Science Degree, So you can 
work toward your degree in stages or 
as fast as you wish. In fact CIE is the 
only school that actually rewards you 
for fast study, which can save you 
money. 

SEND FOR YOUR CIE 
COURSE CATALOG AND 
WE LL SEND YOU A FREE 
24-PAGE CIE ELECTRONIC 
SYMBOLS HANDBOOK. 




VES! I want to get started. Send 
me my CIE course catalog including 
details about the Associate Degree 
Program, (For your convenience, CIE 
will have a representative contact you 
- there is no obligation.) 

AE45 

Name 



Address . 



City, 



, State. 



Zip, 



Age_ 



Phone No. ( } 

Check box for GJ, Bill Benefits 
Z Veieran ; Adrve Duty 



1 776 East I7lh Street 
CTGveland, Ohio44114 

A Schoof of Thousands, 
A Ciass of One. Since f 934. 
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1993 CATALOG; from Radio 
Shack, 700 One Tandy Cen- 
ter, Fort Worth, TX 76102; 
free at local Radio Shack 
Stores. 

Radio Shacks 1993 cat- 
alog has a redesigned 
layout and organization as 
well as a lot of new prod- 
ucts. The 172-page, full- 
color, magazine sized cata- 
log now has a "Quick In- 
dex" up front, and a 
complete index at the end. 
New products highlighted 
in this edition include the 
Duofone ET*499 voice- 
scrambling cordless tele- 
phone. It scrambles the 
transmission between the 
handset and the base so 
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people with nearby scan- 
ners can*t eavesdrop on 
your conversations. 

Others are the IMemorex 
Model 800 8mm home 
VCR with stereo sound 
and the portable Model 17 
8mm VCR/TV combina- 
tion, both with 179'Channel 
TV tuners. Tandy is offering 



Go ahead, 
put on some weight 




Inrroduciiig rhe [^proved 111 Qm\ Booid 
Mitt A Eangtime fovE^ite fof arojit tnod work, 
ik 3/2 now come with m redesigned 300 
htm. A new, pQteftt«(i, intemd molficotiDn to is 300 splif ba:] beiir^g medicmisirE 
dim it tQ heild tmn m mh cs irs predecessor. Of coc^, tt>e 372 sfi 
comes wirti ifie imfustiy's best ciituit board yder, tti« PonoVbe 3 IS, wiudi am 
hold fCBi up ro 12 mdesvide m 2B' with W 318 Accessory Bm.) 
You con even honeSe mu^le boorch when vou use oddrtionnl 31& Groflt BoonS Arrns. 
Ihe new PonaVse 37? Grturt Boctd Boldef. Whei tiftwJ bwids ore your busness. 



m Soothsfn Wcr •Spo^, KV B9431 • mi) miW • FAX (BOO) 
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a 25-MHz, 486^b3sed mul- 
timedia PC that includes a 
wide selection of software 
for voice mail, communica- 
tions, travel planning, and 
more. 

Also included in the 1 993 
catalog are telephones and 
accessories, pagers, scan- 
ners, world-band trans- 
ceivers, VHS VCR s, re- 
mote controls, and auto- 
motive sound systems- 
There are also entries on 
home-control products, 
batteries, flashlights, multi- 
use testers, remote-con- 
trolled toys, computer 
based language and infer- 
matron sources, cal- 
culators, personal orga- 
nizers, and notebook PC's. 

ZIST-CENTURY ELEC- 
TRONIC PROJECTS FOR A 
NEW AGE; by DeltonlHoro, 
TAB Books, Division of 
McGraw-Hill Inc., Blue 
Ridge Summit, PA 
17Z94-0850; Phone: 
1-800-822-8138; $16,95. 

The term "'New Age." 
usually associated with my- 
sticism, music, and cultural 
fads, has now been applied 
to electronics projects by 
Mr. Hom in his new book. 
This volume — from a well 
known and pnofific writer — 
presents an array of un- 
usual electronic projects in- 
tended to test and demon- 
strate theories underlying 
New Age beliefs. 

Included among the pnoj- 
ects in the book are a dual- 
LEO visual hypnotic aid, an 
alpha-wave biofeedback 
monitor a two-choice ESP 
tester a negative-ion gen- 
erator, a biorhythm clock, a 
Kiriian photography experi- 
mental circuit, and a mag- 
netic-field tester Mr. Horn 
does not take a stand ei- 



21st-century 
PfiOUECTS 
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ther for or against the theo- 
ries that are the subjects of 
his experiments. However, 
the underlying concepts 
are fully explained. 

1992^993 DISCOUNT TEST 
EQUIPMENT CATALOG. Print 
Products International, 8931 
BroQkville Road, Silver 
Spring, MD 20910; Phone: 
1-800-638^2020 or 
1-301-587-7824; Fax: 
1-800-545-0058 or 
1-301-585-5402; free. 

Here is another discount 
equipment catalog. This 
one has 6B nanes filled 
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with entries on bargain - 
priced test and measure- 
ment equipment from such 
well-known manufacturers 
as Kenwood. B-^K. Av- 
com. Race. Philips. Hitachi, 
and Leader. Included in the 
catalog s coverage are os- 
cilloscopes, power sup- 
plies, meters, and spec- 
trum analyzers. In addition, 
the catalog describes new 
lines of closed-circuit TV 
systems for security and 
monitoring. R-E 



Master Electronics with TAB/McGraw-Hill, Inc. 




INTERN/VnONAL KNCTCLOPEDIA OF 
INTIrlGRATED CIRCUrrS^2Nn ed 
Find Ihe circuits you med fast. ThH ali-m-oni} 
rvfemnCQ gtvns ytm complete deEmptions of; circuit 
functioni ind u^ej, ptnmit disgraros wilh exICTTial 
connectioru, Ubt«j and charts, and manufactumr 
data. UBS pp., 4,000 tUus. 
tSBOlH.JWtMT. . .NOW ONLY S44,S5 

mCROWAVE OVEN 
Save huitdmlf ol dollarv in microwave oven repair. 
Service tow- and htgh' voltage probiems > locate 
and replace the magnetroii • repair oven motors 
and control circuit! • and lest far microwave leak' 
age. 3IIB pp., 3m Hlus. f3457K» S29.9S 

TROUBU-SHOOTING AND 
REPAIRING SOUD^STATE TVs 
^2SXy ED. Zero in on solid-state TV pmblBms with 
thi« Kandt^n guide, You'H be able to repatr virtu- 
ally any malfunction, including^ remote controis, 
power auppiiej, sweep cin^uits^ chassis, picture 
tubes* and tunern. 624 pp., OUd lUus. 
#370011, $36. dS 





MAlNmDiTdG AND SmUHEPC 

VCRs" 




Pass the GET exam with easel 

GET EXAM BOOK— 3RD Uh 

U$e the many tftntfile lesit in this brand-new 

edition to inoease your knowledge of repairing 

and maintaining cietrtronic equipment. 

304 pp., ISO illas. '4199K. $27.iS 

GET STUDY GUIDE— 3Rr> ed 
Identify the gaps in >iDUf e!»:lronics know- 
how— and Icam about the theories and prtnci* 
plei involved— with this new guldens sample 
quest tons and advice. ^20 pp,, 700 iNua. 
«407SH, 



Order both guides (1566274-3) 
for only %49.O0 {regularly $55,901 



SAVE 



PRACTICAL ANTENNA HANDBOOK 

Get the ?tep-by-^ep instructions you musd to Install 
and utilize a variety of antenmsjnctuding • mo- 
bile ♦ short wavfe * d I pole • multi-band • long- 
wire directional • marine radio • VHF/UHF 
• microwave • and more. 439 pp., 351 iUus. 
f327aH, £32.95 



HO\fK VCR REPAIR ILLUSTRATED 
Sai-e hundreds of dollars in repair biU< by fixing 
your own VCR— no expensive equipment or experi- 
ence required! You'll repair ■ picture and sound 
* fast forward and rewind « dc moton • roller 
guides * audio heads * and morel 
400 pp.. 45Q iUui. #37nH, 

MAINTAINING AND REPAIRING 
VCRS— 2NT) £D. Get the details on tepaiHng all 
types of VCRs: VHS HQ* 8mm, and camcorder*. 
You gel in-depth coverage of: every mechanical 
system and electronic circuit u$ed in VCRs, the use 
of test equipment including Sencorc SCGl and 
VC&3« high<;uality (HQ) camcorder*, snd special 
VCR cirouJts. 352 pp,. 370 illus. f3103H, 527.9S 

SIMPLIFIED PRACTICAL HLTER 

DESIGN £asy*|o«follow techniques show you 
how Id lay out and aiAemblc practical, working 
filters. You'll easily design all these fittersr low- 
pass, high-pass, band r^jEJction, M*dcrived» compos- 
ite* crystal, and even crossover networks. 
200 pp., 137 niut. I335SI{, S2BM 



® To Order Call Toil-Free 1-800-822-8158 24 Hours A Day 

FAX orders: 1-717-794-2080 • Or mail coupon to: TAB/McGraw-Hill, Inc. Blue Ridge Summit. PA 17294-0B40 



Pleaae cut aTon^j dotted Une ■ 



Satisfactioti Guaranteed— Within 30 days, 
pay the stated amount (plus shipping, ban- 
dling, and state and local sales tax) or 
return book(s] and owe nothing. 

Please send me the book[s] bebw for a FREE 30-Day exam: 



Bookt 


Title 




Price 



























Please Frint 



Name 



Address 
City 



State 
Zip _ 



Signature 

Ofdftra om*kJethii U S must preppidin U S. hinds drawn on U.S tuinlts Jind Indud* SS DO tOf pOSt*9» 
ar>d handling Pncm sutsjoct ta changa. Limrt 3 bciOMi On « 30h^/ (nil cn\y. Orders of 4 books ot moit 
muit Inducio payment Stilppmg and handling chaf0«9 wiEl i» NLM to ydur ftccoum. Ordar (nvaEid wiih- 
aa signaiura. REl22fi 




Come in for Your FREE 
Radio Stiack Cataiog! 

The most important part of your next 
project is the all -new, 172-pagB 1993 
Radio Shack catalog. It's yours for the 
asking at oursiore or dealer near you. 
Hurry in today— suppltes are limited! 



TECHUNE '' Tools— The new standard in strength and precision! 




m Precision- crafted with top-quality materials 
i ■ Designed for long life and ease of use 
I ■ Backed by Radio Shack's 1-Year Limited Warranty 
NewTECHLINE tools represent Radio Shack's uncompro- 
mising dedication to quality. Each is precision-crafted of 
long -lasting, hard-working materials and employs the lat- 
est design innovations for comfort and ease of use. And, 
each IS backed by our full 1-year limited warranty. 



Speedy service and low prices on thousands of parts and accessories! 




m FREE delivery to Radio Shack on orders $5 and up 
m Semiconductors and ICs ■ Hard-to-find batteries 

■ CB and scanner crystals m Long-life vacuum tubes 

■ Phono cartridges/styli m SAMS'^- service books 

Why pay more for mail-order? Your Radio Shack stocks 1000 elecifonic 
components, and another 15,000 am available fast from our special -order 
warehouse. Ordering is easy! Bring in the exact part number (or old part). 
We il check availability and order by phone. Delivery lime to your nearby 
Radio Shack for most items is a week. 




(1) Picofarad 5D-Pack. Delrghl 
for breakers, 50 ceramic capaci- 
tors, assorted 1 to 33 pF values. 50 
WVDC, #272-806 2.99 

(2) Efficient PC -Mount Pfezo 
Bttzzer Tiny yet has 70 dB output 
and requires only 7 mA at 12VDC. 
^^/273-074 2,99 

(3) Omnidirectional Elect ret* 
Type Mike Element. 30-15,000 
H^. 4 to 10 VDC. fl270'092. 2.99 



Test-Equipment Adapters. Great 
for use wilh scopes, frequency 
couniers and multimeters. Hook up 
with the best, 

(1) Binding Posts to BMC Plug. 

50 oiims impedance. 

^^274-71 5 B.95 

(2) Bind I n g Po St to Bana na P I u g ^ 
fr274-7l6 Sal of 2/4.95 



Resistor Assortments, Popuiar 
values— stock up and sa^e. 



Descriouon 


Cai. No 


Setof 


Price 




271 309 


50 






271-308 


m 


2.99 




271 312 


500 


7.95 




271-306 


100 


3,^3 



(3} Stackable Pual-Jniine 
nana Plug. ^^274'717 



Ba* 
2.99 



Mini Audio Amp With a Built-in 
Speaker. Many uses! Tough 3%"- 
high case. Low Radio Shack price. 
^277-1003 ............. 11.95 



^1) MagnetWire Assortment. For 

custom coil winding. Includes 40 
feet of 22'gauqe, 75 feel of 26- 
gauge and 200 feet of SO-gauge on 
spools. ^278-1345 4.99 



(2 ) Oral Cord Fl x- It Kit. O u r excl u^ 
sive! Includes six feet of high- 
slrongth cord and three tension 
springs. Put a radio back Into 
actio nf 274 435 99* 





High-Speed 12V0C Mtni-Molor. 

Produces an amazing 15h200 RPM 
at no load. Ideal for projects, ro- 
botics, fun[ About 2" long (with 
shaft). #273-255 2.99 



PC/XT Circuit Card. EpoKy. Fits 
computer expansion bus. 107is" 

tong. ^?276 T598 . 29.95 

Rigfit-Anglo 0-Sub 25 Fsmala Con- 
Offctor for Above. 276-1 504 2.69 



Infrared Project Bojt. Ideal for a 
remote. Has removable infrared- 
iransparent end panel and space 
for 9V battery, ^fa x 2% x 4 V4". 
l¥270'294 4.49 



100-Watt Soldering Gun. For big 

jobsl Reaches full temperature in 
seconds. Built-in work ^ight Re- 
placement tips In stock. UL Hsted. 
^^64-2193 11.95 



Prices appty 
at participating 
stores and dealers. 



MMERtCM'S TECmaLaCV STORE 



SmC£ fB2f 



A DiViSfON OF TANDY CORPORATfON 



CIRCLE 78 ON FREE mFORMAHON CARD 



GL 




verHces, whieti is one of two 
star<iodecah€dra knou^ as the 
star polyhedra of Kepler, The 
other star polyhedra has twelve 
vertices, and could also be con- 
structed from the GliUer Globes 
board set. 



I'EI^ UKf^ TO rHE:3EN1* OKE OF THE 

US! unusual construction 
rojecrs you re likely to build. 
}allhig ^hn Glttter Globe simply 
corislruftlon project does not 
0 it Just tee— calling tt an t^lev- 
'Oniv scu^p^u^e is niore accu- 
:^t:e. This is a challenging 
roject. and not for the inex- 
penenced builder Building the 
Glitter Globe is a iot like build- 
ing a model airplane ur car. be- 
H^cause the quality of your 
^Kworknianship will be very evi- 
^Bdent in the finished appearance 
^Bof the ctrcuit. You can't hide 
^Hsloppy construction inside a 
^Hcase! 

IPr The Glitter Globe is perhaps 
the worlds most sophisticated 
■ll^Christmas ornament; iVs con- 
^Batmcted entirely of electronic 
^■components and ver\^ small cir- 
UPcuit boards. Each circuit board 
holds a pair of LED s that chase 
each other around ihc globe, 
creating the Illusion that the 
globe is spinning. The LED's 
can be the same or different col- 
ors, and at least 12 LEDs light 
up at each step. One diagonal 
line of LEDs is always one step 
ahead of another creating the 
illusion that the Glitter Globe is 
spinning. 

TXvo different animations are 
possible depending on the value 
of a resistor (R2); the globe can 
Hft appear to accelerate and decele- 
ratesmoothly over a time.perjoci 
of about 20 seconds, or U*'<^SL^ ^ 
slow gently until almost stop- -^I!"^ 
ping, and then accelerate quick- 
ly ilie cycle then repeats. The 
globe can hang from its power 
cord in a Christmas tree or lie 
on any flat surface, ^ ^ * ^ 

The small PC boards used to^ ' ' - , 
make the Glitter Globe can also Circuit dc«riptloii 
be hidden in various places 
(other than as pact of the Glitter , 
Globe such as in clothing br 
j^P^behind photographs, tp 

lights at strategic place|^ KrV 
forms of this kind arc rSttjer: : 
popular * / 

The Glitter Globe is a geodesic 
sphere: the particular shape is a ^ 
star-dodecahedron with twenty 



varies the acceleration of the 
gbbe's apparent roiation by in- 
tegrating a DC voltage to the 
trip poini of a Schmiit trigger 
llCl-b). After ICl-b trips, ICl-a 
integrates in rhe opposite direc- 
Hon until tlic other trigger 



Build the Glitter Globe, 
and brighten the 
_JP^^gi^ holidays 



RON HOLZWARTH 



J:h«*Glfe^J 





schern^ic for 
be. which is 
t^2'^t DC sup- 
■fore be powered 
r's cigarette lighter) 
ge pf|heiirctnt iy a' 
Jaw tooth waveform 
iBade from IGl-a and 
1 are taili6raaLM3900 
This stage 




point is reathed. Increasing the 
value of CI will lengthen the 
time period between accelera- 
tions. Resistor R2 is set at 2 
megohms for a triangle wave 
output and 200 kilohms for a 
negative-ramp sawtootli out- 
put. 

The output of the waveform 
generator goes to the Input of 
ICl-c, a voltage-controlled os- 
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FIG. 2— THE GLITTER GLOBE'S BOARDS are supplied on a breakout panel. 



PASS 
POWER 
LEADS 
THROUGH 
WIRE LOOP 
SOLDERED HERE 




F(G. 3-^CONTROL BOARD PARTS PLACEMENT CapacJtors CI and 02, and all of the 
transistors, except Q1, are Inslalted on the solder side of the board. The "c"' 
sHkscreened on the board indicates the collector lead of each transistor. 

stead of the power supply. When 
transistor Ql conducts, it 
grounds pin 2 of ICl-c and the 
output voltage of the integrator 
decreases, Wlien the trip point 
is reached, Ql ceases con- 
duction, and the output then 
rises again. The value of C2 {as 
well as the voltage from the 
function generator) determines 
the speed of rotation. To de- 
crease the speed of the spin ac- 
tion, simply increase the value 
of C2, 

The output of Schmitt trigger 
ICl-d is the input for 1C2, a 
CD4017 decade counter. Only 
five outputs of the counter are 
used; after a count of five, the 
counter resets, resulting in con- 
tinuous "motion" around the 
globe. 

Since the outputs of IC2 can- 
not provide enough current to 




FIG. 4— YOU CAN MAKE a softball-sized 
star dodechehedra by forming all the 
structural resistors and jumpers ap- 
proximately ^Vtnch long. The pentagon 
boards stick out a ilttle more than the 
hexagon boards. 

clliator (VCO). The VCO oper- 
ates very much like the wave- 
form generator except that its 
voltage reference is the output 
of the waveform generator in- 




FIG. 5— YOU CAN MAKE a hardball^size 
star dodechehedra by keeping all the 
structural resistors and Jumpers ap- 
proximately ^A-lnch long. 

drive a dozen or more LEDs. 
transistor pairs (a PN2222 and 
a PN2907) are used to drive 
them, A high output from IC2 
turns on the NPN transistors 
(the PN2222S) and a low output 
turns on the PNP transistors 
(the PN2907's). The output of 
[C2 that ts high will turn on the 
PN2222 transistor connected to 
it, which sources the LED cur- 
rent. The current is then 
drained through the two 
PN2907 transistors on the adja- 
cent outputs. 

Zero-ohm resistors (jumpers) 
distribute power around the 
globe. Plain wire jumpers could 
be used, but the zero-ohm re- 
sistors look much better Cur- 
rent-limiting 680-ohm resistors 
(one for each LED pair) ensure 
that less than 20 milliamperes 
passes through each forward- 
biased LED during conduction. 

The LED's are all connected 
back to back so that current 
flow in one direction lights one, 
and current flow in the other 
direction lights the other. That 
way a color orientation is main- 
tained as the Glitter Globe steps 
around its five outputs. 

Conduction through one LED 
limi ts the reverse voltage across 
the opposite LED. Thati? not a 
concern, except with blue LED's 
which have a reverse-voltage 
limit of only 5 volts. 

Assembly 

Before beginning assembly, 
have the following tools on 
hand: a small vise or clamp to 
hold the globe steady as you 
work, a pair of needle-nose 
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PARTS LIST 

All resrstors are V*-watt, 5%, 
R1. R6— 2 megohms 
R2— 1 megohm for triangle wave, 
200.000 ohms for sawtooth wave 
R3— 100,000 ohms 
R4. RIO. Rll— 12 megohms 
R5^1 20.000 ohms 
R7— 1 megohm 
R8— 10.000 ohms 
R9. R13— 1000 ohms 
R12, R14-R44-^80 ohms 
Capacitors 

Cl— 10 |iF, 16 voJts, nonpolarized 

electrotytic 
C2— 1 jxR 16 volts, nonpolarized 

electrolytic 
C3— 10 piR 25 voIts» tantalum elec- 
trolytic 
Semiconductors 
IC1— LM3900 quad amplifier 
1C2— CD4017 decade counter 
Q1-Q6— PN2222 NPN transistor 
Q7-011— PN2907 PNP transistor 
Miscellaneous: 64 LED's (any 
color), 28 structural resistors 
(680-ohm units will match the rest 
of the resistors). 25 zero-ohm 
jumpers, 12-volt DC 300-mA wall 
transfomnen PC board set, solder, 
etc. 

Note: The following items are 
available from Art Works, 41S 
E. Emerson Street, Saint Fran- 
cis, Kansas 67756: 

• Set of 32 PC boards, sup- 
plied on a breakout panel— 
S30,00 each, three or more are 
$25.00 each 

• Complete Glitter Globe kit 
(includes PC board, 300-mA 
wall transformer, 64 LED's, and 
all components)— $65,00 each, 
three or more are $55.00 each 

All prices include taxes, ship- 
ping, and handling. Please 
state LEO color preference 
(red, green, or yellow); colors 
can be mixed* Visa^Mastercard 
orders (800) 486-6062. For 
technical assistance call (913) 
332-2726. Blue LED's are not 
available with the kit. 

pliers, a small file, a pair of clip- 
pers, and a desoldering tool or 
desoldering braid. 

All of the Glitter Globes 
boards are supplied on a break- 
out panel (see Fig. 2). The con- 
trol board should be assembled 
first; its parts-placement di- 
agram is shown in Fig, 3. Re- 
move the control board from the 
breakout panel and file off the 
excess material. 



Insert the components into 
the control board » making sure 
that the IC's are inserted cor- 
rectly and that the tantalum ca- 
pacitor (C3) is inserted with the 
proper polaritji Capacitors CI 
and C2, and all of the tran- 
sistors, except gi, arc installed 
on the solder side of the board. 
The **c" silkscreened on the 
board indicates the collector 




FIG. e--TO MAKE A SPHERICAL 
GLOBE, 3l] of the resislorg and jumpers 
that connect to any five-point board (lev- 
els 2, 5, and 7) must be preformed to 
Inch, with the rest remaining V44nch. 



lead of each transistor Looking 
at the flat side of the transistors 
with the leads pointed dov\ii, 
the leads are, from left to right, 
emitter, base, and collector 

in the center of the control 
board there is a hole for solder- 
ing a loop of wire that acts as a 
strain relief for the power leads. 
Strip and tin the ground and 
power wires from the trans- 
former, and then insert them 
through the center support loop 
before soldering them into the 
PC board. The transformer in- 
cluded with the kit [see the 
Parts List) has the positive lead 
marked with a white stripe — 
other transformers can be 
marked with the opposite con- 
vention, so be sure to check the 
polarity before soldering! 

Test the control board to 
make sure that it works correct- 
ly before building the rest of the 
globe. When powered up* the 
two LEDs on the control board 
should light sequentially and 
then stay off for a brief time. 
The flash rate change will be 




RG. 7— THIS "COMPONENT MAP" shows how the level pieces connect together. 
Alt connections marked "J" are zero^hm jumpers, all connections showing a resistor 
symbol must be 680 ohms, and all unmarked connections can be made using any 
material you like. 



very obvious. Unplug the trans- 
former before continuing. 

The LED boards are num- 
bered on one side In groups 
from 1 to 7. Groups 1-6 contain 
five boards each; group 7 Is just 
a single board. The numbers 
represent the levels away from 
the controller board In which 
the LED boards are Installed. 
For example, level ! boards are 
installed immediately around 
the controller board, level 2 sur- 
rounds level L 3 surrounds 2, 
and so on. All boards in each 
level are IdenticaL Locate the 
numbered side of each board on 
the inside of the globe, with the 
LEDs on the outside. Putting 
the numbers on the outside of 



-L£VEL*1 PIECES 
CONTROL BOARD 



PIECES 



COMTnOL BOARD 



FIG, 8-IF YOU USE ^4-inch spacing, 
level 1 mounts as shown in a; for Vi-inch 
spacing, lovol 1 mounts as shown in Ir. 





the globe will result in the diago- 
nal power busses (and thus the 
lighting pattern) running the 
other way, although the spin di- 
rection will remain unchanged. 
Also, always position the LED 
boards so that the numbers on 
their Inside surfaces are point- 
ing away from the control 
board. 

Solder the LED s into the 
small PC boards before remov- 
ing them from the breakout 
panel. If you are making a globe 
with two colors, one color 
should always be on the left, 
and the other on the right. Be- 
cause changing a defective LED 
can be very difficult after the 
globe is assembled! test all 
LEDs before soldering. Some 
multimeters can quickly check 
LEDs; otherwise set up a DC 
power supply and current ! imit- 
ing resistor to make sure all the 
LED's work. The LEDs are in- 
stalled in the boards with their 
cathodes facing each other 
(with the flat sides toward each 
other). Clip excess leads after 
soldering, 

It^ much easier to keep the 
small boards oriented correctly 
while adding them to the globe 




RG. 9— LEVEL 5-7 COMPONENT MAR The letters surroundmg the two halves In Figs. 
7 and 9 indicate the connections between them. Install each level In order from1 to 7, 



if you remove them from the 
panel only as needed. When you 
remove the boards from the 
breakout panel, use a small file 
to remove any excess material. 

Shapes 

The least difficult shape to 
complete is the star 
dodechehedra. That*s the shape 
that results if all the structural 
resistors and jumpers are pre- 
formed to the same length — ap- 
proximately V4-inch. Their actu- 
al lengths are not critical, as 
long as they are all equal. That 
results in the pentagon (five 
point) boards sticking out a lit- 
tle more than the hexagon (six 
point) boards (see Fig, 4). With 
%-lnch spacing, the globe will 
be about the size of a softbaJl. 

it is possible to construct a 
globe with a uniform resistor 
spacing of i/^i-inch, but this 
should be attempted by only the 
most skilled assemblers. That 
results in globe the size of a 
baseball (see Fig. 5). Once you 
decide on the proper lead spac- 
ing for the globe you wish to 
build, use a bending Jig to make 
all components the same 
length- If you don*t have a real 
bending jig, cut a piece of wood 
to the proper width (y2-inch, ^4- 
Inch, etc.], and make a depres- 
sion in it for the body of the 
component. You can do that by 
pressing an unneeded resistor 
into the wood to leave an im- 
pression. (TVy to center the im- 
pression within the width of the 
woodj 

Although it might seem to be 
easier to loop the resistors and 
jumpers through the boards, it 
is not recommended because 
they are difficult to remove later 
in case of an error It's best to 
put the lead straight through 
the PC board, and then snip ft 
off after soldering. If a repair Is 
necessary, the lead can then be 
lifted straight out after remelt- 
Ing the solder. 

To make the globe into a 
spherical shape about the size 
of a Softball, all of the resistors 
and jumpers that connect to 
any five-point board (levels 2, 5, 
and 7) must be preformed to %- 
inch, with the rest remaining % 
-inch (see Fig. 6). 

Continued on page 85 



A Shocking Offeri 



Now you don't have to be enrolled at CIE to receive our 
inifoductary Elearonic and ElectriciEy Lesson Modules. 
This program is available for a limited ttme to non- 
studenis for the shockingly low price of only $99.50. 

With ClE's patented AUTO-PROGRAMMED method 
of Jearning you will quickly learn and then master the 
basics of electronics and electricity and then move on to.. 
DC/AC circuit theories, fundamentals of bi-polar junction 
transistors (BJT). field effect transistors (FET), wiring, 
diagrann and schematic readings, component identifica- 
tion, soldering techniques... and much, much, more. This 
introductory offer includes 
the first 39 lessons in CIE's 
Associate in Applied Science 
in Electronic Engineering 
Technology Degree. 

Your commitment to CIE 
ends with your payment, but 
CIEs commitment to your 
success just begins when 
you receive your lessons^ 
exams, binder and equip- 
ment. This special Introduc- 




tory price includes all the benefits and assistance CIE 
normally extends lo its full time students. You'll be entitled 
to unlimited access to CIE's faculty and staff to assist you 
in your studies via a toll f re e S 00 number six days a week, 
24-hour turnaround on grading your submitted exams, 
CIE bookstore privileges, a patented learning method, 
reference library, access to CIE's electronic bulletin board 
and a free issue of CIE's school newspaper The Electron. 

And best of all, when you decide to continue your 
electronics education in any of CIE's programs you'll 
receive full academic credit for successful lessons 
submitted and a $100.00 
Tuition Credit Certificate. 

All this knowledge and 
support will put you on the road to 
understanding digital electronics, 
automotive and industrial 
electronics, microprocessing 
principals, computer systems, 
telecommunications and much, 
much, more. 




- $100.00 Tuition Credit 
< Academic Credit 

• Free Issue of The Electron 

• Build your personal burgfar alarm 

• Toll Free Instructor Assistance 

• 24-hour grading 

• CIE bookstore privileges 



$QQ50 




■ 39 theory and hands-on training 

lessons and exams. 
' Patented learning method 
CIE electronic bulletin board 

privilege? 



Yes! Send me CIE's Introductory 
Electronic and Electricity Lessons 
and Equipment. a7316 



Name- 
street: . 
City: _ 



. Apt#: . 



State: . 



-Zipr. 



-Phone: (. 



BOOKSTORE 

1776 Easi Mlh Street 
CleveJand, Ohio 441 14 



TolaJ Merchandise: 

Ohio Residents add 7% Sales Tax: 

CaJifornia Residents add 6 1/2% Sales TaJt: 
Toial This Order: 



S99.50 



Shipping and Handling Charge: 

Method of Payment/Amount Enclosed: 

□ Personal Check or Money Order 

f 1 Master Card .1 Visa iJ Discover 



Card Expiration Date: . 
Signature: 



CHARGE BY PHONE! 

9 AM to 4:30 PM Eastern Time: 
1-800-321 2l55eK{ A7316 



48 HOUR ELENCO & HITACHI & B+ K PRODUCTS cAa^oSEe 
SHIPPING AT r\ie/^/^iiMT DOl/-^c€^ . -J:^°°:2??:"U 



AT DISCOUNT PRICES 



1-800-446-3201 (Can.) 



ELENCO OSCILLOSCOPES 




8^1325 25MHz $349 
Dual Trace Oscilloscope 

S-1340 40MH2 $495 
Dual Trace Oscilloscope 

S-1360 60MHz 
Dual Trace, Delayed Sweep 

^ • Automatsc beam finder 

5775 • 9u I It-ln component tBste r 

* ImV semitrvity 

• Dual time bos© 



B+K OSCILLOSCOPES 

2120 ^ 20Mhz Dual Trace $395 

2125 ■ 20MHz Dolayod Sweep $539 

15418 ■ 40MHz Dual Trace.^ . $749 

2160 - 60MHz Dual Trace, Defaced Sweep, 

Dual Time Base , S949 

2190 ■ 100MHz Ttiree Trace Dual Time Base, 

Dslayed Sweep SI. 395 

2522 ■ 20MHz / tOMS/S Storage SS59 

?442 - 20MHI Ponabto $1.229 
1443 - 40MHz Bauery / AC operated with 

Cursor & Readouts $1,439 



1.0GHz PORTABLE 
SPECTRUM ANALYZER 

Model 2610 $2,595.95 

■ AC/DC opdratjqr^ (batlory irK^uded) 

■ 70dB dy narnlc fange 

■ RosolutJan bandwidth of 10kHz 

■ 50Q and 75Q input im prance {switch selec- 
table} 

■ FixQd band^wtdlh $alting lot viewing TV Aigrtais 
B Field calibratibid with inteinally generated 
lOCMHz. 80d3 signal 



Hitachi Compact Series Scopes 

V-212 * 20MHz Duat Trace S409 

V-525 - 50MH2. Cursors $975 

V-523 ' 50MHz. Delayed Sweep $949 

V-522 - SOMHz, DC OUset . S849 

V-422 * 40MHz. DC Otfset S749 

V*222 ^ 20MHz. DC Olfset S62S 

V-eeo ■ 60MHz. Du at Trace 

V-eeSA - 60MHz,DT. w/cursof 

tOOMHz, Dual Trace 



V-1060 ■ 

V-1065A* 100MHz. DT. w/cursor^ 
V-lOeS ' 100MHz. QX w/cursof _ 
V-11O0A- 
V-11S0- 



100MHz. Quad Tract _ 
1 50MHz, Quad Trace 



_SK095 
_S1.325 
_ $1,375 
^$1,649 
_ $1,995 
_ $2,195 
$2,695 



Hitactii RSO Series 

RSO's feature: roll mode, averaging, save 
memory, smoottiing. interpolation, pretrigger- 
mg, cursor measuremenis. 

VC-6023 ' 20MHz. 20MS/S^ ^$1,650 

VC-6024 ' SOMHz. 20MS/S^ Si, 950 

VC'6025A ' SOMHz. 20MS/S 52,350 

VC-6045A^ 100MHz. 40MS/S 
VC-614S 



100MHz. 100MS/S_ 



Calt 
Call 



Dlgitol Capacitance Meier 
m^m CU-1550B 



$58.95 

.Ipl ?O.DClOyld 
basic ^ccy, 
Zero contfol wf Ca&o 
Btg V Display 




Digital LCR Meter 
LC-1S01 

$125 

Coils luH 2DDH 



Big f DbpJay 




Muttirneter witti 
Copocitance & 
Transistor Testef 

$55 CM-1500B 

Reads VdRs, Ohm 
CurT«nt. Ca;j4e4Esrs, 
Trartsislors and 
Oiod«& / wElh cue 



FLUKE MULTIMETERS 

Scope me ter» C Al I M od el s A vo i loble Catt) 



Modet 93 
Model 95 
Model 97 
to Series 

Model 10 
Model iZ 



SI ,095.00 
Sl.39S.00 
SI. 695.00 

$62.95 
S79.95 



TO S«rle9 

P^odal 7011 
Model 7711 
Mede< 79li 
SO Series 
Model 67 



S6S.00 
$145.00 
$169.00 

$289,00 



Quod Power Supply 



XP-580 

$69.95 

a-sov @ 2A 

12V eiA 
£V#3A 




Triple Power Supply XP-620 
Assembled f 75 



♦ * 



•« «« 



Kit $50 
210 15V§1A. 
^2la<1SV@lA 
(Of * ta 30V§ U) 
*nc( 5V # 2A 
AV Ihm ^«Sif*d UlAntts doing eifwiffl^r.'^ 
Hiiam short circul pfOtKiion, »n lupplj^s 



AM/FM Transistor 

Radio Kit 
with Training Course 

liodel AU'FM 108 

$27.95 

MaXes a graai $cIioqI propel 




True RMS 4 1/2 
Digit Multimeter 
M-700T 

$135 

.05% DC Accurvq^ 

win FfBq CccnCffT 
Dm Vim 




Sweep/Function Generator 
Willi Freq. Co Ulster 
$259 

Elenco 
Model GF-8025 
Sine, Square, Tiiangle. Pulse. Ramp 
2 to 2U^2. Freq CQunw ,1 lOlJtH; 
iniernal bnear A LOdic Sweep 



Function Genef 8tor 
Blox 
#9600 

$28.95 



Ptovidvs W^. tnangto. squai < 
Kit "tvt trofti 1R2 to lUHi 
$26.95 AW^fFUcapabgrtif 
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Learn to Build ond Frogram 
Computers wifh this Kit 

Ifidudci; An Pans, A^ie^nb^ ULvtual 

Model 
MM^aooo 



Elenco Wide Band 
Signal Generators 




$129.00 




FlOyi and on « QOBS micrDpnuesstx, v^vdh 
mfdviQ lariguigv H ISM PC 



SG-9000 5129 

HF Fnq tO0K'450UHj AU Uaf^i- 
Ion o( IKHi Vana£]:« RF OLtpui 
SG-9500 wf DielUl DiipJAy & 
150 MHz bulft-tfi Counter S24 9 



XK*500 Digital / Analog Trainer 

A complitt mini'lab for t^ulldlng, testing, pro to typing analog and digital clrtuiia 

Elenco's Dig:jal.' Analog Ttainer is apecsalty des-griad iQt school pfOjMta, with 5 built-ift powsr 
£{jppSiea. Snciud^a & fufiction generator with ^Qntinousfy vanablo. im, irl^ngufsr, square wave 
Forms AH power suppltts are »o^^^ ^ protected aqi-rj^i srvc-t^ 
Power Suppliii 

m Vjni&ia Ppw Supply 

1*1^ b 1$VDC 9 1 Ani)} 
-1 25 10 -2QV0C e S fUPQ 

m -^izvocd 1 *tfp 

m -IZVDC^ 1 Anp 

■ scTi/AC Cmfw itdpta 
Analog - Section 

Tnanguliir. Squir* •mav* tarmt 
a Fraqutncy tdpuitt&J* m thr* 

rangei from i to lOOKHi 
M Fine fTequency adijugl 

m DC 

a ModtMUonFM AM 

Olgllat - Seoti04i 

a ^ipi dMa iWCAa$ 

a Two no bounc* togc tHt&m 
a J|i.fDiwdi»tiTribirfi*r«ci 

t SVPP iquvt 



, „ S159.95 
040 M psMi [i«ui rsaoj AssembEed 




S129JS Kit 



WE WILL NOT BE UNDERSOLD 

UPS SHIPPING: 48 STATES 

IL RES 7.5% TAX (S3 min SlO max) 

PROBES It^Cl ALL SCOPES & METERS 



C&S SALES INC. 

1245 ROSEWOOD. DEHRFIELD. IL 60015 
FAX: 709-520^0085 • (708) 541-0710 



15 DAY MONEY BACK GUARANTEE 
FULL FACTORY WARRANTY 
WRITE FOR FREE CATALOG 



CIRCLE 109 ON FREE IKFORMATIQN CARO 



Protect your modem 
and fax machine against 
errant transients witli tfiis easy- 

to-build circuit 



¥m/mom 

PiOTECTO 



SHIELD YOUR MODEM, FAX OR AN- 

swering machine against 
harmful transients arriving 
over the phone line by building 
this fas t-ac ting Modem/Fax Pro- 
tector. Then you 11 be able to re- 
lax when electric storms bear 
down on your home or office. It's 
an easy. Inexpensive project, 
and low-cost insurance for your 
expensive telephone-dependent 
equipment. 

Even people who plug their 
computers and entertainment 
electronics into power-line 
surge protectors (and wouldn't 
dream of leaving them un- 
protected) are likely to forget 
about protecting modems, faxes 
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and answering machines from 
transients arriving over the 
phone line. Then comes the first 
thunder storm of the season. 
Before they remember to do any- 
thing about it* the innards of 
that equipment could disap- 
pear in a pulT of smoke. 

You could, of course, discon- 
nect your telephone gadgets 
with a switch when theyYe not 
in use. But will you remember to 
do it in time? Needless to say. 
the switch won't help much if 
the devices are running when 
the lightning starts to flash. 

l^lephone electrical values 

When a telephone handset Is 



*on the hook "there Is 48 volts 
DC is across the two wires des- 
ignated "tip" and "ring/* The 
green tip wire is at ground po- 
tential* or zero volts, and the red 
ring wire is at negative 48 volts. 
Approximately 21 to 35 miUiam- 
peres of current flows in this 
condition. 

When the handset Is picked 
up, phone*! ine voltage drops to 
6 volts DC, The 20- or 30- Hz 
telephone-ringing signal can be 
from about 100 volts to about 
120 volts AC. It is superimposed 
across the normal 48-volt DC 
signal That "ringing" voltage 
determines the voltage ratings 
of the protective devices. 




FIG, 1— MODEM/FAX PROTECTOR packaged In a standard tefaphone jack box. 



Iblephone protection 

Although the effects of light- 
ning are well known, many peo- 
ple believe thai only a direct 
strike on a nearby phone or 
power line will cause damage. 
However, most damage to elec- 
tronic equipment Is caused by 
voltages induced In those con- 
ductors by direct stikes 
elsewhere. Harmful voltages 
can be caused by strikes as far 
as 15 miles away! 

Telephone circuits generally 
have resistive elements in each 
wire to protect the telephone 
handsets from transient spikes 
in excess of about 500 volts. 
However, this rather crude pas- 
sive protection is inadequate for 
protecting more vulnerable elec- 
tronics- 

Spark-gap tubes or surge 
voltage protectors (SVP) have 
been used for many years to pro- 
tect electronic circuits from 
manmade and natural surges 
arriving over either power or 
phone lines. They provide low- 
resistance paths for excessive 
voltage transients but appear 
open to normal voltages. The 
devices are hermetically sealed 
gas'discharge tubes. TVpically 
made of ceramic with properly 
spaced electrodes, they are filled 
with a rare gas. 

The main purpose of the SVP 
is to provide a conductive path 
for unwanted and excessive 
transients, thereby preventing 
the transient energy and associ- 
ated voltages from damaging 
equipment and components— 
and harming people. They are 
designed to switch current at a 
pre-established breakdown 
voltage. 

The breakdown voltage 
causes the internal gas to ionize 
and change from a non-con- 
ducting to a conducting stale, 
thus permitting an arc to form 
and short the connected wires 
to ground. During conduction, 
the SVP can monmeniarily car- 
ry high currents. After the volt- 
age transient has been dis- 
charged, the gas deionizes and 
the SVP is ready for another 
voltage transient- 

The SVP Is bipolar and has a 
symmetrical characteristic. In 
the restored or extinguished 
condition. It causes very little 



loss because of its high imped- 
ance. This characteristic con- 
trasts with those of transient 
absorb t ion Zener diodes and 
metal-oxide vartstors that ex- 
hibit leakage. However, both of 
those devices have faster re- 
sponse times than SVP*s. 

The metal-oxide varistor 
(MOV or SlOV) has also been 
used to protect electronics con- 
nected to telephone lines. It is 
made from finely powdered zinc 
oxide mixed with binders and 
pressed into a disk. After firing* 
the disk becomes a matrix of 
conductive zinc-oxide grains 
separated by highly resistive 
boundaries. This property gives 
them a sj'mmetrical electrical 
characteristic similar to the 



SVP (or two back-to-back Zener 
diodes}. 

However, the MOV's break- 
down time is too slow to protect 
connected electronics against 
the fastest voltage spikes 
caused by lightning. As a result, 
faster Zener diodes and SVP*s 
have been combined in our 
Modem/Fax Protector, 

How the protector works 

The Modem/Fax Protector 
(Fig. 1) is shown schematically 
in Fig, 2. It has a typical re- 
sponse time of about 10 nanose- 
conds—fast enough to protect 
your equipment against the 
speediest voltage spikes, Zener 
diodes Dl and D2 are connected 
back- to-back in parallel with 



surge-voltage protector SVPl 
between the ring and the PC 
board earth ground connection. 
Si milady; Zener diodes D3 and 
D4 are connected in parallel 
with SVP2 between the tip wire 
and the PC board earth ground. 
The SVPs are rated for a nomi- 
nal DC voltage of 230 volts with 
breakdown voltage from 195 to 
265 volts DC. 

The Zener diodes break down 
at 180 volts DC within about 10 
nanoseconds to protect the tele- 
phone circuits from the fastest 
initial voltage spikes, and then 
the SVPs ionize to ground the 
overcurrent. Note that the cir- 
cuit has no batteries; ail It really 
needs to protect your equip- 
ment is an effective ground. 

Construction 

The prototype Modem/Fax 
Pm tec tor was built on a small 
square PC board measuring 1 ^/^ 
inches on a side (see Fig. 3). 
However, point-to-point wiring 
techniques can also be used. 
Note that the board has a hole 
drilled through it for the screw 
thai clamps the enclosure to- 
gether and provides the ground 
connection. 

Refer to parts-placement di- 
agram. Fig, 4, Install all of the 
components as shown, observ- 
ing the polarities of the Zener 
diodes. Solder all components 
in position and trim excess 
leads. 

Obtain a small modular plas- 
tic phone jack cover with an In- 
cluded Jack. The jack should 
have a short section of 4-wire 
telephone cable attached. Cut 
off the black and yellow wires 
and connect the red ring and 
green tip wire pigtails within 
the box as shown In Fig, 5, Cut a 
bottom plate from sheet micar- 
ta, phenolic or other suitable 
thin but rigid insulating mate- 
rial slightly larger {about Vib- 
inch) than the outer dimen- 
sions of the jack box. Carefully 
mark the location on the cover 
plate for a hole to accommodate 
the central screw so that it is 
opposite the hole in the jack 
box* and drill a hole of the same 
diameter through the coven 

Determine a suitable length 
for the four-wire telephone cable 
between your telephone outlet 
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FIG. 2— MODEM/FAX PROTECTOR 
schematic sliowtng Zener diodes In par- 
aMel with surge voltaga protectors. 




RG. 3— MODEM FAX PROTECTOR cir- 
cuit board assembly shown actual size. 
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FIG. 4~PARTS-A$SEMBLY DIAGRAM 
for the the Modem/Fax Protector circuit 
board. 




FOIL PATTERN for Ihe modem/fax pro- 
tactor. 

or junction box and the Modem/ 
Fax Protector, and attach a plug 
to one end of that cable. Care- 
fully form a hole In Uie side wall 
of the Jack box, as shown In Fig* 
5, large enough to permit the 
bare end of the telephone cable 



to be pulled through a distance 
of 3 to 4 inches. Clamp the cable 
with a plastic cable tic. 

Strip the cable Jacket back to 
about inch from the cable tie, 
select out the red ring wire and 
green tip wire and strip their 
ends, and cut off the yellow and 
black wires close to the cable tie. 
Then strip the ends of the red 
and green wires from the jack- 
Solder both red and green wires 
to the circuit board* as shown 
in Fig. 4. Cut a short length of 
insulated 14 or 16 AWG wire, 
strip both ends, and solder one 
end to the ground pad on the PC 
board. 

Apply four drops of silicone 
RTV adhesive to the inside of 
the Jack box as shown, align the 
hole in the circuit board over 
the hole in the jack box, and bed 
the board do^Ti In the adhesive, 
ADow sufficient time for the ad- 
hesive to set up before proceed- 
ing. Determine a suitable 
length for a 14 to 16 AWG solid- 
copper ground wire based on 
the proximity of your telephone 
apparatus to a suitable location 
for a ground rod {to be dis- 
cussed later). 

Form a loop in one end of the 
heav>- ground wire to accommo- 
date the central screw in the 
Modem/Fax Protector Then in- 
sert the screw through the loop 
in the ground wire, jack box, 
and circuit board. Tightly wrap 
the bare copper end of the 
ground wire on the circuit 
board several times around the 
screw to complete the ground 
connection. Then apply solder 
to the outside of the turns. 

Plug your modem or fax Into 
the jack, and plug the length of 
cable into your telephone w^all 
outlet. The ring and tip w^lres of 
the telephone line must remain 
consistant throughout. The tip 
lead must be positive with re- 
spect to the ring lead. 

After making sure that all 
connections have been made 
correctly, apply a thin layer of 
RTV adhesive to the rim of the 
jack box. assemble the cover 
over the screw, and clamp it in 
position with a washer and two 
nuts, as shown in Fig. 5, 

Good grounding 

The necessity for a good 




FIG. 5^0DEM/FAX PROTECTOR ASSEMBLY. Note the location of the holn formed 
for the 4-wire telephone cable. Only the red and green wires are used; the others are 
cut off near the cable clamp. The assembly Is set on four spots of RTV adhesive, and 
the cover is held on with the central screw, nuts and washer. 




ground in protective circuits 
cannot be overstated: a bad 
ground Is no ground at all! The 
most effective ground is 
achieved with a metal rod. pref- 
erably coppen at least four feet 
long, driven into moist soil. 
Connect the ground rod to the 
Modem/Fax Protector with the 
other end of the insulated solid 
copper ground wire. It can be 
led to the ground strap through 
a window opening or a hole 
drilled through the wall. Suit- 
able grounding rods with wire- 
connecting clamps are available 
from electronics supply stores. 
The next best grounding 
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RG. VARIATION OF THE MODEM/FAX PROTECTOR for use in telephone line 
connections between PC or terminal and larger distant cempyter. 



Surge voltage protector 

SVP1, SVP2— gas surge arrestor, 250- 
voll, CG-230L (CP. Claire) or equiv- 
alent 

Semiconduetord 

D1*-D4— 1N5386B Zener diode. 180- 
vo[t, 5-watt. 

Miscellaneous: PC board, modular 
plastic phone jack box with jack, phe* 
nolic or mi carta cover^ [ength of 4- wire 
telephone cable, modular phono jack, 
length of insulated 14 to 16 AWG solid 
copper wire, oopper ground rod (at 
least 4 feet long), nuts, bolt, wasfier. 
sil icon e RTV ad h esi ve , soldo r. 

method is to connect the 14 to 
16 AWG wire to a cold-water 
pipe. The third, and least satis- 
factory method (not recom- 
mended), is to connect the 
ground wire to the ground of the 
120-volt AC outlet. (Th^s ground 
can actually be at a higher po- 
tential than true earth ground 
by many millivoltsl) 

Variations on a theme ' 

Figure 6 shows the Modem/ 
Fax Protector concept applied to 
the protection of remote com- 
puter terminals or personal 
computers connected to a larger 
computer over long-distance 
phone lines. The schematic 
shows a typical four-channel 
protective circuit. 

The SVPs and transient ab- 
sorbtion Zener diodes in Fig. 6 
differ from those in the Modem/ 
Fax Protector. The SVP's are C,R 
Clare C675L's or equivalent, 
and the Zener diodes are 
1N5360B units. Resistors Rl 
through R4 are 2-watt wire- 
wound units, and resistors R5 
through R8 are 1/2-watt, R-E 
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Protect sensitive electronics witli an 
^easY'tO'build inrush-current limiter titat can be 
embedded in host equipment or be 

a stand-alone unit. 



THE INRUSH-CURRENT LU^IITER DE- 

scribed here can protect sen- 
sitive line -powered electronics 
against normal current surges 
that occur when that circuitry 
is powered up. The limiter gives 
a "soft start/* to any product or 
system It protects, and it can be 
expected to lengthen the operat- 
ing life and improve the re- 
liability of the host. A ther- 
mistor and relay protect against 
normal "turn-on" overcurrent. 
and a metal-oxide varistor pro- 
tects against unwanted over- 
voltages and overcurrents oc- 
curlng after startup. 

Our inrush-current limiter. 
shown packaged in an en- 
closure in Fig. L can protect any 
equipment operated from 120- 
volt, 60*Hz AC. It can also pro- 
tect non-electronic circuits 
such as lighting netwwks and 
appliances, provided that they 
do not include motors, (Many 
appliance motors depend on 
surge current for starting.) The 
circuit can be modified for pro- 
tection at higher or lower AC 
voltages or DC voltages. 

Current Limiting 

Most power supplies for elec- 
tronic equipment that are em- 




Fia 1— INRUSH-CURRENT LIMITER cir- 
cuit as a stand-alone component. 




RECTIFIER nUER 
TRANSTORMIB BRtDGE CWftCITORS 

FIO. 2-^SIMPyFIED SCHEMATIC for a 
linear power supply with a full-wave rec- 
tifier and capacitor Miter. 

bedded within tlie enclosure 
(typically sharing a PC board 
with other circuitry) are con- 
ventional linear circuits. As 



shown in Fig. 2, they consist of 
a transformer bridge rectifier 
circuit, and one or more filter 
capacitors. When AC power is 
applied to such equipment* 
there is no charge on its capaci- 
tors, and the circuit compo- 
nents present an extremely low 
impedance to the line voltage, 

Asa result, a large inrush cur- 
rent surge with a fast rise time 
occurs, and it decays exponen- 
tially only as the filter capacitors 
charge. The peak inrush cur- 
rent is orders of magnitude 
greater than the circuit*s steady 
state current. It Is limited pri- 
marily by the short circuit 
characteristics of the power 
transformer and rectifier, which 
are determined by their internal 
resistance and inductance val- 
ues and the wiring, as shown in 
Fig, 3. 

An inrush-current limiten as 
its name implies, limits inrush 
current and allows the voltage 
to rise gradually across the pro- 
tected circuit. The limiter was 
designed for high-power stereo 
amplifiers to avoid the excessive 
current surges that occur at 
turn-on. The current drain of 
large stereo amplifiers is high 
enough to dim the lights In an 
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average home when ft Is turned 
on* 

Electronic-equipment and 
power-supply manufacturers 
tjrpically limit Inrush current by 
placing a momentarj' switching 
device with a fixed resistance at 
the power input terminal of the 
circuitry to be protected. After a 
predetermined time Interval, re- 
lay contacts close, shorting out 
the input resistor so that full 
voltage is applied to the load. 

Our inrush-current limiter 
circuit takes that conventional 
approach one step further. The 
fixed-value protective resistor is 
replaced by a temperature-vari- 
able resistor whose resistance 
value declines with Increasing 
inrush current. A negative tem- 
perature-coefficient (NTC) ther- 
mistor optimized for tnrush- 
current protection, its man- 
ufacturer refers to it as an in* 
rush-current limiter. 

A typical temperature vs, re- 
sistance curv'e for an Inrush 
current limiter devlpe is sho^nn 
in Fig. 4, These devices are 
widely used In AC/DC switching 
power supplies. The unit spec- 
ified for this project has a resis- 
tance of 120 ohms ± 25 % at 
25'^. C. a maximum steady state 
current of 2 amperes, and an 
approximate resistance of I AS 
ohms at maximum current* 

Inrush-current limiting 

Refer to the simplified block 
diagram, Fig. 5, The hot side of 
the AC line Is fed through the 
inrush-current limiter (shown 
as a resistor with the letter "T") 
Actual resistance change de- 
pends on the magnitude and 
duration of the current drawn. 
With a nominal resistance of 
120 ohms* the maximum in- 
stantaneous current through 
any connected circuit will be 
limited to 120 voits/120 ohms = 
1.0 ampere. (The current drawn 
will be less than the theoretical 
value because of the impedance 
of other components,) 

At the end of a preset elapsed 
time after power is applied, a 
relay is actuated and it shorts 
out thermistor R9; that applies 
full power to the protected cir- 
cuitry. The time delay Is ad- 
justable and determined by the 
value of a single resistor or po- 
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FIG. 3— EFFECTIVE RESISTANCE and 
inductance of transformer primary and 
secondary are represented by FM, L1 and 
R2, L2, respectively; R3 and R4 are the 
effective resistances of the rectifier 
bridge and circuit wiring, respectively. 
The dotted line across filter capacitor CI 
represents zero resistance at power 
tum-on. 
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FIG. 4^NRUSH-CURRENT LIMrrER de^ 
vice shows negative-temperature coetfl- 
dent (NTC) characteristics. A ttiermistor 
optimized for circuit protection, its re- 
sistance decJInes as temperature In- 
creases due to current flow. 



NTC THERMISTOR 
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FtO. 5— BLOCK DIAGRAM OF INRUSH- 
current limiter circuit shows relay power 
supply and an Inrush'Current limiter 
component to protect against current 
surges at turn^n. 

tentiometer; It can range from 
less that a second to more than 
a minute. 

How the licaiter works 

The schematic of the inrush- 
current limiter circuit is given 
in Fig, 6, The 24-volt DC for the 
timer ctrcultiy and relay are de- 



rived from a regulated power 
supply made up of resistor Rl. 
capacitors CI and C2, and di- 
odes Dl to D3. The 120-volt in- 
put voltage is dropped primarily 
by CI, and applied to the two 
serleS'Connected Zener diodes, 
Dl and D2, 

When the polarity of the hot 
(upper) AC line Is positive with 
respect to the neutral (bottom) 
AC line, a positive voltage Is de- 
veloped across the Zener di- 
odes. That voltage charges filter 
capacitor C2 through diode D3. 
Resistor Rl and parallel metaJ- 
oxide varistor MOVl limit the 
peak current in the circuit Re- 
sistor R2 discharges 01 and re- 
sistor R3 discharges the filter 
and timing capacitors when 
power is removed, read>1ng the 
circuit for immediate restart. 

The relay power supply in Fig. 
6 is popular in isolated elec- 
tronics products where only 
small DC currents are needed to 
power circuitn^ !t eliminates 
the bulk and expense of a power 
transformer. However, appro* 
priate safeguards must be 
taken because the supply is not 
Isolated from the AC line. The 
timing circuit consists of re- 
sistors R4 to R7. capacitors C3. 
diode D4, transistors Ql and 
Q2. and relay RYL Timing ca- 
pacitor C3 charges through 
timing resistor R4. (With a val- 
ue of 150 K, the time delay will 
be 11 seconds.) 

The PC board provides three 
holes for 1 megohm board- 
mounted potentiometer R9. Its 
adjustment will give a continu- 
ous range of time dela}^ from 
about 1 second to 60 seconds. 
As an alternative. Tkble 1 lists 
the values of resistor R4 needed 
to obtain time delays from 1.5 to 
180 seconds in discrete incre- 
ments. The time delays given in 
the table can vary because of the 
wide tolerances of electrolytic 
capacitors. 

When the voltage on C3 
reaches the 12-volt breakdown 
threshold of Zener diode D4, It 
conducts and applies base drive 
to turn on NPN Darlington tran- 
sistor QL When Ql conducts, 
its collector voltage decreases, 
turning on PNP Darlington 
transistor Q2, whose collector 
current actuates relay RYL The 
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FIG. B-'SCHEWIATIC OF INRUSH CURRENT LIMITER. Note that Q1 Is a an NPN 
Darlington and Q2 Is a PNP Darlington, M0V1 Is a melai-oxlde varistor and R8 Is an 
NTC thermtstor for limiting inrush current* 



relays normally open contacts 
are connected across the Inrush 
current limiting device. When 
dosed, the contacts apply full 
power to any connected load. 
Resistor R7 provides positive 
feedback to Qls base* ensuring 
positive tum-on of the relay. 

Diode D5 protects the circuit 
from the inductive ^kickback" 
of the relay coil when it is de- 
energized. The resistance of the 
relay js coil must be at least 1.3 K 
for effective relay operation. The 
metal-oxide varistor MOVl will 
protect the load against voltage 
spikes and transients, but it is 
not a requirement for the opera- 
tion of this circuit. It has sym- 
metrical bidirectional "break- 
down*" characteristics similar to 
those of back-to-back-con- 
nected Zener diodes. 

Constniction 

All of the c(rcuitr>^ fits on a PC 
board measuring 2.5 x 2.5 
inches. However, you might 
want to make the PC boards 
outer dimensions larger or 
smaller. If you plan to mount the 
circuit in a case, the board size 
and the hold-dowTi screw spac- 
ing will depend on the case se- 
lected. The complete circuit 
assembly can also be mounted 
within the enclosure of its host 
equipment with mounting 
holes and Insulating standoffs* 
if desired. 

The PC board for this project 
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RG, 7— PARTS-Pl-ACEMENT DIAGRAM 
for the Inrush-current Hmitar circuit. 




components can be assembled 
on prepunched insulating 
board and connected by point- 
to-point wiring. Before doing 
any assembly work, drill the 
four comer holes in the board 
for the screws to mount the 
board to the case or inside the 
host's enclosure with standoffs. 

Figure 7 is the parts-place- 
ment diagram. Install the re- 
sistors, capacitors and diodes 
first, observing the proper po- 
larities for the capacitors and 
diodes, if you elect not to use the 
1 megohm potentiometer R9, 
the value of R4 should be 150 K 
ohms rather than the 10 K 
shown on Fig. 6, and a Jumper 
should be installed across two of 
the holes as shown. (Table 1 
gives values of R4 for specific 
time delays.) After all the com- 
ponents are assembled on the 
board (see Fig. 8). solder them, 
and trim all excess leads. Re- 
check your work, carefully ex- 
amining the circuit for shorts 
before continuing with the 
checkout. 

Checkout procedure 

Warning: This Is a line-oper- 
ated device, so perform all test- 
tng and troubleshooting with a 
line-isolation transformer. 
Never operate the circuit out- 
side of an insulating housing 
and never make adjustments or 
any kind of modifications to it 
when it Is directly connected to 
the AC line. 

An isolation transformer is 
recommended for testing this 
circuit. If you cannot obtain a 
commercial unit, you can build 
one by connecting the second- 
aries of two identical transfor- 
mers back-to-back as shown in 

TABLE 1 
TIME DELAY VS. RESISTANCE 



FOIL FOR INRUSH-CURRENT LIMITER 

PC board. 

is simple enough for an ama- 
teur to make, so its foil pattern 
Is included here. However, be- 
cause there arc no critical com- 
ponents on the board, the 



Resistance (R4} 
(ohms) 

22 K 

47 K 

68 K 
100 K 
150 K 
220 K 
470 K 

1.0 IVIEG 
2,2 MEG 



Time delay 
(seconds) 

1.5 

3.0 

5.0 

7.0 
11.0 
17.0 
40.0 
60.0 
100.0 




Fig. 9, (It can also be used to test 
other transformerless elec- 
tronic circuits.) The 120-volt 
line is stepped down* and then 
stepped back up to 120 voUs. 
Use only transformers with the 
same secondary voltages* and 
do not exceed the current or 
power ratings of each of the 
transformers. 

With no power applied to the 
circuit, perform the following 
resistance checks: 
• Measure the resistance be- 
tw^een the AC inputs, the hot AC 
line connected to Rl, and the 
neutra] AC line connected to the 
anode of D2. The readings 
should be greater than 10 
megohms — an3rthing less could 
indicate a problem. 
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M resistors are V^-watt* 5%, unless 

Otherwise stated 
Rt— 100 ohms, 2 watt, 5%. rnetal^oxkle 
R2— 2.200,000 ohms 
n3— 22,000 ohms 
R4r--i 0,000 ohms (see text) 
R5, R6— 100.000 ohms 
R7— 220.000 ohms 

R&— 120 ohms infush-current limlter 
(NIC Ihermistor) 2-ampere (Key- 
stone) CL*90 or equivalent 

R9— 1,000,000 ohms polentiomeler, 3- 
pin, PC board -mount insulated knob. 

Capacitors 

CI— 1.2 plF. aSO-volt, polyester-film 
C2— 220 \xF, 35-volt* aluminum elec- 
trol/tfc 

C3— too ^iR 16 -volt, aluminum Blec- 

trol^c 
Semiconductors 

D1, 02, D4—1N5742, ^oner diode. 12- 

voll, 1-watt 
03. D5— 1N4002, 1 ampere. lOO peak 

vol Is 

Q1— MPSA14. NPN Darlinglon tran- 
sistor. (National SemicondLictor) or 
equivalent 

02— MPSA64 PNP Darlington tran- 
sistor, (National Semiconductor) or 
equivalent 

Other components 

M0V1— metal -oxide varistor* 130- volt 
AC, (Panasonic) 20K201U> or equiv- 
alent 

RY1— SPST relay, cx>il: 24*V. contact: 5 
A. 250-V AC. 30-V DC. coit resistance 
1300 ohms. PC-mount. (Omron) 
G5L-112P'Ps or equivalent 

Si — toggle or rocker switch, panel- 
mounted; 350- volt, 3 amp 

Miscellaneous: circuit board, panel- 
mounted receptacle (three-prong), 
length of 3^nductor power cord 18 
AWG with 3-prong plug, four 1/4-tnch 
insulated standoffs (see text), insu- 
lated case with cover, cable grommet , 
screws as needed, and sokier 




FIG. 9— SCHEMATIC FOR AN ISOLA- 
TION transformer to be used in testing 
the circuit Atl turns ratios must be 
equal. 



• Measure the resistance be- 
tween the same end of Rl and 
the end of R2 connected to DL 
The readings should be 2.2 
megohms. Those measure- 
ments assure that there are no 
shorts or low resistances across 
the AC line, 

• Connect the circuit to the iso- 
lation transformer and apply 
power. If the circuit is operating 
properly, you should hear the 
faint click of the relay contacts 
closing after the appropriate 
time delay 

• Check for proper operation of 
the power supply by measuring 
the voltage across filter capaci- 
tor C2. The reading should be 
about 22 volts DC u^hen the re- 
lay Is energized. 

When testing and experi- 
menting with loads connected 
to the Lnrush-current iimiten al- 
low several minutes for the cir- 
cuit to cool down to room 
temperatures and the nominal 
resistance values to be restored. 
The allowed time should de- 



pend on the magnitude and du- 
ration of the current drawn 
through the device. In normal 
operation, allow about a minute 
after power Is removed for tim- 
ing capacitor C3 to discharge 
before Initiating a new time de- 
lay sequence. 

Installation 

The inrush current limlter 
can be installed within the en- 
closure of the host equipment. 
Connect the circuit to the AC 
line after the host equipment 
power switch and preferably 
after the line fuse or circuit 
breaker. Install the circuit so 
that the hot leg of the AC line Is 
connected to the surge Umiter, 
as shown in Fig. 6. Cut the AC 
line to the host and install the 
circuit in series, as shovra in 
Fig* 8, Be sure the circuit board 
for the Inrush-current limiter 
and all components are insu- 
lated from the equlpment*s 
chassis and all other compo- 
nents with Insulated standofTs. 

As an alternative, install the 
inrush-current limi ter in a suit- 
able Insulated case with a line 
cord, power receptacle, and on- 
OFF power switch as shown in 
Fig. 9, The prototype case mea- 
sured 4% X 3V4 X V/2 inches 
deep. 

It might be necessary to cut 
down the four standoff posts 
within the case to accommodate 
conUaued or page 76 



IMACrNE you WERE CHALLENGED TO 

build a device that could send 
an optical audio signal — wltli a 
bandwidth of 300 to 3000 
Hertz — as far as possible. To 
make the contest as fair as pos- 
sible, tlie rules would require 
that only commonly available 
parts could be used. Also, be- 
cause optics would play a large 
role In determining the range of 
such a de\^ce» no optics with a 
collection area greater than 
seven square inches could be 
used. 

A dozen years ago, the author 
lost just such a contest by 
achieving a communications 
distance of a little over two and a 
lilialf miles. The winning entry^ 
achieved a distance of 6 miles! 

The optical communications 
system presented here is a 
somewhat modified version of 
the author s original Air Hop. 
The circuits have been re- 
designed in order to use com- 
mon parts and provide a decent 
link at a reasonable cost. The 
unit has an output power of 
about 10 milliwatts peak and 5 
milliwatts average. It uses fre- 
quency modulation on a 50- 
kilohertz carrier and has a 
bandwidth of 300-3000 Hertz. 
Without optics, the Air Hop can 
communicate about 40 feet — 
with 3-lnch diameter optics (a 
magnifying glass), the range Is 
increased to over a mile. 

Air Hop can be used as a sim- 
ple point-to-point audio com- 
munications system or to trans- 
mlt digital data. Since Its 
bandwidth Is the same as a 
phone line, modems can be 
used to send and receive digital 
data. It can also be used as a 
link for a remote control such as 
that used in a TV receiver, per- 
haps with a tone encoder/de- 
coder combination* A remote 
link to a repeater or a long-dis- 
tance "broken beam" security 
system can also be made. 
Whether you need a link from a 
house to a bam or a short Jump 
across the commotion of Wall 
Street, Air Hop can do it. 

Electro optics 

Before we get into the design 
and construction of the Air Hop. 
let's explain some optical terms, 
PIN Diode, A ohntosmsitivf- di- 




Build the Air Hop, 
inexpensive sys4em that 
communicates with tight 
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ode with a response time of a 
few nanoseconds. 11 can be used 
in a photoconductive mode 
where the current through it is 
a function of light, or in a pho- 
tovoltaic mode where the volt- 
age across it is a function of 
llghl (see Fig. 1). 
Phototraiisistor. A transistor 
whose base current is a func- 
tion of light. The collector cur- 
rent is the base current times 
the gain of the device. Response 
time is a few microseconds. 
Photodarlington. Two tran- 
sistors in the same package 
connected in a Darlington con- 
figuration. The first transistor 
is a phototransistor and the 
second is an ordinary tran- 
sistor Response time is tens to 
hundreds of microseconds. 
Detector area. The area (in 
square inches or millimeters) of 
the light-gathering detector. 
Most PIN diodes have a plastic 
case that acts as a simple lens 
and provides a collection area of 
0.01 to 0.025 square inches. 
This area is important when 
you Ye calculating lens gain. 
Inverse square law. This is the 
"killer" in nearly aH communi- 
cations systems. Very simply 
stated, it means that if you in- 
crease the distance betiveen the 
transmitter and the receiver, 
the signal strength will drop in 
proportion to the square of the 
distance. For example, if you re- 
ceive 9 microwatts of power 
when the distance between the 
transmitter and receiver is ten 
feet» you will receive only 1 mi- 
crowatt of power if you increase 
the distance to thirty feet* 
li-anslmpedaiice amplifier. An 
ampUlier witti a very low input 
impedance. Sometimes called 
current-to-voltage converters, 
these special amplifiers are 
often used in optical systems 
because their low impedance 
load will ensure maximum cur* 
rem from a photodiode. They 
can provide a bandwidth up to a 
few hundred megahertz. 
Leos gain. The ratio of the lens 
area to the detector area. Since 
the area of a lens is larger than 
the area of the detector, more 
light is gathered by the lens. 
Lens losses and focusing errors 
{which together should be 
about 15%) must be included in 




FIG. 1— A PHOTOSENSmVE PiN diode 
has a response time of just a iew 
nanoseconds. 
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Fia ^-THE LIGHT FROM AN LED diver- 
ges or spreads out as It leaves the LED. 
A lens wNI then Dollimate the light so that 
it travels In parallel beams. 



ACCEFDUICE ANGLE 




LENSDrAMETER 

11 

h— FOCAL LENGTIi-*^ 

biAMETEfl — 

FIG. 3— THE f NUMBER or lens speed is 
the ratio of the focal length to the diame- 
ter You can think of this as an optical 
acceptance angle. 

a rigorous calculation of lens 
gain. 

Infrared, The region of the light 
spectrum next to the color red 
(about 800 nanometers K Most 
infrared LEDs emit at either 
880 nanometers or 940 
nanometers. Most sittcon detec- 
tors have their maximum re* 
sponse at about 900 
nanometers. Infrared Is used 
because most red (visible light} 
LEDs have trouble producing a 
half a milliwatt of power, whOe 
many IR LEDs have an output 
of 10 milliwatts or more. 
Collimate. To direct In a 
straight line, Wlien light from a 
source travels In parallel beams 



instead of a divergent cone, it is 
said to be collimated. Although 
you can't form a truly coUimated 
beam, the lens on the transmit- 
ter attempts to do that (see Fig, 
21. 

Divergence* The "spreading 
out" of an optical beam. In other 
words* a divergent beam is the 
opposite of a coUimated beam. 
All optical beams diverge, some 
more than others. If you could 
form a beam with zero diver- 
gence (you can t), it would not 
obey the Inverse square law In 
other words, you could send 
your beam an infinite distance 
because (he energy wouldn't 
spread out. Laser beams have 
small divergence compared 
with other light sources. Spot 
lights are built to have a small 
amount of divergence, whereas 
flood lights are built to have a 
great deal of divergence (see Fig. 
2). 

Respaosivity. A measure of the 
relationship between the op- 
tical and the electrical signal of 
a detector A rule of thumb for 
PIN diodes is 0.4 to 0.6 amps 
per watt. This means that if i 
milliwatt of light strikes a PIN 
diode, a current of 0.4 to 0.6 
milliamps will flow through the 
diode. To put that in perspec- 
tive. Air Hop will work at levels 
of about 100 picoamps of cur- 
rent or about 200 picowatts of 
optical power 

AC and DC light- If you pulse an 

LED on and off it becomes an 
AC-light source. If you simply 
apply DC though it, It becomes 
a DC-light source. This concept 
Is important because most light 
sources contain some AC and 
some DC light. Normal tung- 
sten-filament light bulbs con- 
tain a lot of DC and some AC 
light (because of the thermal 
time constant of a hot filament). 
The sun contains a lot of DC 
and a lot of AC. Fluorescent 
lights contain some DC and a 
lot of AC. The only reason that 
this is important is that if you 
build a DC -coupled optical re- 
ceiver and operate it outdoors 
where there is a lot of sunlight, 
the receiver can easily "satu- 
rate" and your AC signal will not 
be amplified correctly. Some 
kind of "light shield/' such as 
those that are used on some 



camera lenses, will help. That's 
why the Air Hop uses an AC- 
coupled detector 
f number or lens speed. In 
lenses, the ratio of the focal 
length to the diameter is called 
the ' number (f = fl/d). The 
smaller the number, the "faster ' 
and more expensive the lens. It 
is convenient to think of this as 
an optica! "acceptance" angle 
(see Fig, 3). This w^ill be impor- 
tant In choosing the transmit- 
ters collimating lens. In cam- 
eras, where the focal length is 
fixed, a lens with a larger diame- 
ter than another lens has a 
smaller "f number, and Is said 
to be fasten Thats because the 
larger lens gathers more light 
and the shutter can be set to a 
faster speed than the smaller 
lens. T^ble 1 shows f numbers 
vs, acceptance angles. 
Thermal noise. Although ther- 
mal noise is not applicable to 
optical devices such as lenses, 
the electronic performance of 
your optical system will be lim- 
ited by thermal noise. Thermal 
noise is caused in an electrical 
device by the random move- 
ment of molecules. The thermal 
current noise of a resistor is 
given bv: 
(ip^P - '4KTB/R 
where 

K = Boltzmann's constant (1.38 
X 10-^1 

T = temperature in Kelvin (300) 
B = bandwidth in Hertz 
R = resistance in ohms 

A 300K resistor operated at 
near room temperature in a re- 
ceiver with a bandwidth of 20 
kilohertz will have a thermal 
noise current of 33 picoamps 

Although 33 picoamps might 
not sound like a lot of current, 
the noise it will cause at the out- 
put of the transimpedance am- 
plifier will be about 10 micro- 
volts (RMS), Converting to peak- 
to-peak noise gives about 60 mi- 
crovolts peak- to- peak. 

In the Air Hop. the only ampli- 
fier between the transimped- 
ance amplifier and the com- 
parator is a differential ampli- 
fier with a gain of about 50. 
That amplifies the 60 micro- 
volts of noise and produces 
about 3 millivolts of noise at the 
output of the optical amplifier 
Actual measurements showed 5 



TABLE 1 
f NUIMBER VERSUS 
ACCEPTANCE ANGLE 



f 


Angle (in degrees) 


0.5 


90 


0,75 


67,4 


1.0 


53,2 


1,5 


36,8 


ZO 


28 


2,5 


22.6 


3,0 


19 


3,5 


15,2 


4,0 


14.2 



FMTRANSMfTTER PAFTrS LIST 

All resistors are V^-watt, 5%, 

R1. FtS. R9, R15, m6-10(K> otims 

Fl 2— 22,000 ohms 

R3— 10.000 ohms 

R4— 1000 ohms, potentiometer 

R6— 100 ohms 

ft7— 5600 ohms 

R8. R13— 2200 ohms 

RlO-^70 ohms 

Ri 1—50.000 ohms, potentiometer 

R12— 33.000 ohms 

R14— 15.000 ohms 

R17, R18— 22 ohms (see text) 

Capacitors 

Ci-<^, C6— 1 ^xR 16 volJs. electrolytic 
C4--100 iiF. 16 volts. electiDlytic 
C5, C9— 10 M-F. 16 vofts, electrolytic 
07—0.001 M-F, ceramic 
08, CIO. C11— 0,01 ceramic 
Semlcontiuctors 
JCl— NE555 timer 
Ot"Q4— 2N3904 NPM IransislOr 
LEDI-LEEM— tR LED (Optek OP293A 
eeonm. Optek OP295A esOnm nar- 
row l^eam. Lytron 940nm, see text) 
Other components 
MIC1— eleclrel microplione 
Mlscellaneoys: 4 "AA" batteries and 
holder, PC board. PVC pipe and pias- 
tre disks, hardware, me, solder^ etc. 



millivolts of noise. Tiiat is rea- 
sonable because there are other 
noise-producing devices in the 
system such as the current 
noise of the first transiston Al- 
though every transistor pro- 
duces some noise, the first one 
produces more because of its 
higher signal amplification. 

One reason its important to 
present equations like this is 
that they give us insight into 
system improvement. If there 
were no noise, virtually un- 
limited distances could be 
achieved. However, when the 
strength of the signal is less 
than the noise, we're out of 
luck. We can control tempera- 
ture to some extent, and the 



equation shows that at a lower 
temperature, the noise is lower 
But lowering the temperature of 
the transimpedance resistor 
even by 100 degrees Kelvin will 
decrease the noise power only 
by a factor of about 1.2. 

If a system requires only a 
small amount of bandwidth, 
say a few hertz, as in a television 
remote control, we could de- 
crease the bandwidth from 20 
kilohertz to 20 Hertz and de- 
crease the noise by a factor of 
about 30. Even with the inverse 
square law working against us, 
that would improve the range by 
a factor of about 5. Such a band- 
width reduction would require 
a good tunable filter, but it cer- 
tainly can be done. Of course, 
audio signals sent over a link 
with a 20-Hertz bandwidth 
wouldn't be recognizable as au- 
dio. It would, however, permit 
Morse-code communication. 
Phoiodetector. Any device that 
can convert light into an elec- 
trical signal. Phototransistors, 
photo SCR*s. phototriacs pho- 
tocells, solar cells* and pho- 
todiodes are all examples. Even 
photoresistors and thermocou- 
ples can be loosely considered as 
forms of photodetectors* 

Phototransistors and pho- 
todarlington detectors are often 
used to detect light. Both work 
well if you don't require high 
speed. Typical phototransistor 
rise and falls times are 1 to 5 
microseconds: for Darlingtons 
they are hundreds of microse- 
conds. In electronics that is 
equivalent Lo measuring band- 
width with a stop watch and a 
calendar, respectively. 

The author prefers to use PIN 
diodes in the phbtoconductive 
mode as detectors. Rather than 
being limited by the gain and 
bandwidth of a phototransistor, 
PIN'S give us the choice of both S 
by allowing us to design our 3 
own amplifiers. PIN diodes are S 
also very "quiet. " Their noise is s 
almost unmeasureable, U 
LED*s. A light-emitting diode is en 
a semiconductor device that S 
emits light when forward hi- § 
ased. You would think that § 
choosing an LED for a system g 
such as this would be a simple * 
matter, but it*s not. Charac- 
teristics such as power output, 53 



wavelengths speed, and beam 
angle all come into play. 

The first consideration is 
usually the power output. How- 
ever, If you can't get the power 
Into your lens, its simply 
wasted, and if it's at the wrong 
wavelength* your detector won't 
see it. 

Wavelength is important. The 
most widely used wavelengths 
for infrared devices are 880 
nanometers and ' 940 
nanometers. The first choice is 
to find a detector and emitter 
that match. We used 940 
nanometers, which is further 
into the infrared than 880. 
Many detectors made for 940 
nanometers have a built-in visi- 
ble-light filter Filters are not 
often put on the B80-nanometer 
devices because that wave- 
length Is near the visible spec- 
trum and such a narrow filter 
would be difficult to produce in 
large quantities. 

If you wish to produce a hun- 
dred thousand Air Hop systems 
with optics, you would want to 
buy emitters with wide but uni- 
form beams. Then you would 
have a custom lens designed 
and produced at a small cost in 
plastic material. That would 
produce the most uniform 
beam and would be reproduci- 
ble in large quantities. In ap- 
plications such as remote con- 
trol, you might want to use an 
emitter or many emitters to 
"flood" an area. In that case, you 
would want an emitter with a 
wide beam. 

If, on the other hand, you're 
Just trying to see how far you 
can "air hop" a signal » you will 
want something totally dif- 
ferent. Narrow beam angles are 
necessaiy for efficient coupling 
to an off-the-shelf lens. As a 



matter of fact, choosing the 
smallest beam angle available 
will save money when it comes 
to buying a lens. The smallest 
easily obtainable beam angle for 
an LED is about 20 degrees. 
When a manufacturer specifies 
that angle, he really means a 
**half angle" of 20 degrees, or a 
solid cone of 40 degrees. 

The angle also specifies the 
half-power point. For example, 
if a manufacturer specifies 5 
milliwatts and a beam angle of 
20 degrees, that means that if 
you can capture ail of the power 
contained in a 40-degree cone, 
you will get 2.5 milliwatts of op- 
tical power. In any case, pur- 
chase an LED with a small beam 
angle, as much power as possi- 
ble, and a reasonable speed. 
Lenses. Lenses are to the op- 
tical world what antennas are 
the world of RF. The importance 
of even simple lenses cannot be 
over emphasized. If any high- 
frequency RF engineer could 
build an antenna with 60 dB of 
gain for less than ten dollars, we 
would see a lot of happy RF engi- 
neers! Since the optical world 
deals with very small wave- 
lengths, 60 dB (a gain of 1000) 
is certainly possible. 

Although at first It might be 
hard to believe, the size of the 
lens on the receiver is very im- 
portant, but on the transmitter 
it isn't That's because at the re- 
celveryou are trying to intercept 
as much light as possible, so the 
larger the lens, the better. The 



OPTICAL AMPLIFIER 
PARTS LIST 

All resistors are V4^watt, 5%. 

fit— 100,000 ohms 
R2— 10.000 otims 
R3, R9. RIO. R23— .a,000 ohms 
R4, R5— 150,000 ohms 
R6. Rl?. R24— 3300 ohms 
RT, R12— lOOotims 
Re— 3900 ohms 
R13, R14— seoo Ohms 
Rll, R15, R18, R21— 4700 ohms 
R19, R22— 22 ohms {see text) 
R20— 360 ohms 
Capacitors 

Cl. C4, C8— 10 jiR 16 voUs. electmlytic 
C2, C5. C9— 0.1 fjiF, ceramic 
C3, C12, C14-C16^.01 ji^ ceramlc l 
C6. C7. C11— 470 pF, ceramic. tO% 
CIO— 0.001 tiF, ceramic, 10% 
C13— 100 M-F, 16 volts, electrolytic 
Semiconductors 
Q1— MPS918 HPH transistor (Motorolar 
02-Q6— 2N3904 NPN frarvsistor (Q5 

and Q6 must be a matched pair, see 

text) 

D1— PIN diode (Siemens SFH205 
940nm usat3le at aaonm, Panasonic 
PN323BPA 940 nm» Panasonic 
PN334PA eSO Of 940 nm, see text] 

Otfier components 

SPKRt— a* to 45-ohm speaker 

Mis<:eUafTdous: PC tsoard, wiie, sofde^ 
etc. 

purpose of the lens at the trans- 
mitter is to collimate the beam, 
so any lens with the right 'T' 
number will work. 

The "speed" of a lens, also 
caDed the 'T' number, should be 
famihar to anyone with pho- 
tography as a hobby It s a mea- 
sure of the angle of acceptance 
of a lens. On the transmitting 
end» any light from the LED that 





P I4BLE 2— LENS GAIN Piipi|||||^^ 


Lens Diameter/Area 


Power Gain 


Distance Improvement 


{inch/'sq. inch) 


(al 0.01 sq. inch) 


(85% lens efficiency) 


2/3.14 


314 


x16 




707 


x24 


4/12.6 


1260 


X33 




2630 gH 


gjglH x49 giilliljgi 




FIG. 4— THE AIR HOP IS BUILT FROM THREE MODULES: an FM transmitter^ an optical 
amplifieri and an FM demodulator. 




FIG. 5— FM TRANSMITTEI^ MODULE It provides a microphone amplifier and FM 
modulator. 



FM DEMODULATOR PARTS LIST 



All resistors are V^-watt, 5%. 
B1— 100 ohms 

R2, R3. R6. R11-R13, R16— 10.000 
ohms 

R4,R5— 100.000 ohms 

R7--33.000 ohms 

R8— 50.000 ohms, potentiometer 

R9. R14, Rt5-^,000 ohms 

R1 7^700 ohms 

Rl 8— 10,000 ohms* potentiometer 

R19— 22.000 ohms 

R20"470.000 ohms 

R21— 10 ohms 

Capacitors 

CI, C6. CIO, C16— 1 iJiF, 16 volts, otec- 
tro lytic 

C2, C5. C9. C12— 0.1 *iF, ^ramic 
03— 100 fiF, 16 volts, electrolytic 
C4, C7— O.0O1 \xE ceramtc. 10% 
Ce-^70 pF, ceramic, 10% 
Ctl— 0.01 ceramic 

013— TOO pF, ceramic 

014 — 4.7 jiF. 16 volts, electrolytic 
015^70 |iF, 16 voits, electrolytic 
Semiconductors 

101— LM3tl or LTtOll comparator 

102 — CD4046 phase locked loop 

103— MC341t9 audio amplifier 
(Motorola) 

Q1— 2N3904 NPN transit 
Miscellaneous: 9* volt battery and dip, 

doesn't stay within thai cone is 
lost. A SOmliliwatt LED will be 
of no value if the light "sprays" 
out at 90 degrees— any light 
that cant be coupled into the 
lens is lost. 

The gain of a lens is basically 
the ratio of the area of the lens to 
the area of the detector For ex- 
ample, the area of most PIN di- 
odes is about 0.01 square inch* 
The area of a 2- inch diameter 



PC board, blank PC4xiard material 
and solder-wtck straps for shield {see 
text). PVC pipe, plastic disks, hard- 
ware» wire, solder^ etc. 
Note: Hie following items are avail- 
able from 0-Sat, RO. Box 110, 
Boatsburg, PA 16827: 

• Complete Air Hop kit Includlrrg all 
three PC boards (do^ not Include 
epeaken lOK volume control, lerisds, 
PVC pipe and batteries), AJRHOP- 
KU— S30.00 

• Transmitter kit Including one !R 
LED and PC board, AHTX-KIT— 
$11.00 

• Transmrtter PC board only. AHTX* 
PCB— S5.00 

• Optical amplifier ktt Including PIN 
diode and PC board, AHOPTAMP- 
KIT— St2.00 

• Optical amplifier PC board only, 
AHDPTAMP-PCB— $6.00 

• FM demodulator kit Including PC 
board (no speaker or 10K volume 
control), AHFMDEMOD-KIT— $12.00 

• FM demodulator PC board only, 
AHFMDEMOD-PCB-^S6.00 

Add S3.00 shipping and handling to 
all orders. Pennsylvania residents 
must add 6% sales tax. Please al low 3 
to 4 ¥veeks for delivery. 

lens is 3.14 square Inches. 
Therefore, the gain of a 2*inch 
lens is about 3.14/0.01 or 314, 
Remember that this amplifier 
(the lens) consumes no power, 
has (for our purposes) infinite 
bandwidth, and adds no noise 
to the signal. A device of this 
kind in the electrical world 
would be nothing short of a mir- 
acle. 

T^ble 2 shows the gain for 



some different size lenses. The 
calculations assume that no 
light is absorbed or reflected by 
the lens, and the detector is at 
the exact focal point of the lens. 
Those asumptlons are certainly 
not true. Even fine-quality cam- 
era lenses, which are coated 
with an ti- reflective coatings, do 
not pass 100 percent of the 
light. There's plenty of room 
here for experimentation. Some 
crude experiments showed 
about 85% of the theoretical 
gain, 

FM transmitter 

The Air Hop is built from 
three modules. The first module 
is the FM transmitter. T\vo other 
modules (the optical amplifier 
and FM demodulator) comprise 
the receiver A block diagram of 
the system is shown in Fig, 4, 

The FM transmitter module, 
shown in Fig. 5, provides a mi- 
crophone amplifier [Ql and Q21 
and an FM modulator built from 
a 555 timer (ICl). There are tw^o 
adjustments, one for the FM 
center frequency (Rll) and one 
for the amount of deviation 
(R41. Resistor Rl is for micro- 
phones that require an external 
power source, such as an elec- 
tret type. For an external audio 
source, the input must be lim- 
ited to a few millivolts. 

The output of ICl (pin 3) is 
adjusted via Rl I so that the fre- 
quency is 50 kHz (20 microse- 
conds). The output of the 555 
can be frequency modulated by 
applying the upper trip-point 
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FIQ. 6— THE OPTICAL AMPUREH MODULE converts the optical signal into an elec- 
trical signalt Hmits Its bandwidth, and provides a differential drive to the comparator 
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RG, 7— YOU CAN MATCH transistors Q5 
and Q6 using this clreuiL Any transistor 
having less than about a volt between 
the collector and emitter has too much 
gain. Choose two transistors that have 
the closest match between collector^to- 
emitter voltages. 



voltage reference to pin 5. Al- 
though you cannot sweep the 
frequency very fan deviations of 
10 percent or so can be obtained 
easily. The FM deviation is a 
function of the amplitude of the 
signal applied to pin 5, If a DC 
voltage is applied to pin 5 and 
switched on and off^ FSK (dig- 
ital) data will result. Although 
the output of the 555 could 
drive a modest LED» transistor 
drivers are provided to drive 
multiple LEDs. 

Current-limiting resistors 
Ri7 and Ri8 are adjusted to lim- 
it the current for your par- 
ticular LED, Currents of up to 
200 mlUiamps pose no problem 
for the LED s. but they will drain 
your batteries quickly If you're 
using one LED. values of about 
47 ohms will yield about 45 mil- 



liamps, average. Systems using 
two LEDs in series will require 
about 22 ohms for the same cur- 
rent. 

The prototype system uses 
four AA alkaline type batteries 
for the transmitter power sup- 
ply Although they give reason- 
able life, you may want to use 
something a little larger, per- 
haps four D cells. 

Optical ampUBer 

The purpose of the optical 
amplifier module, shown in Fig, 
6, is to convert the optical signal 
into an electrical signaL limit 
its bandwidth (to reduce noise), 
and to provide a differential 
drive to the comparator. 

The PIN diode detector (Dl) is 
AC coupled to a simple trans im- 
pedance amplifier consisting of 
Ql and Q2, Even though the 
signal is AC coupled, the bias 
for the PIN diode must be DC 
coupled. That is done through 
resistorBRlandR2, IfAirHopls 
used in a high ambient light sit- 
uation, i^slstor Rl might have 
to be reduced in valtie to prevent 
DC saturation of the PIN diode. 
If the DC voltage across Rl is 
greater than about 3 volts in op- 
eration, you should lower the 
value of RL 

The translmpedance re* 
slstors tR4 and R5) set the over- 
all gain of the amplifier TWo re- 
sistors in series were used 
instead of just one because 
every resistor has some capaci- 



tance across it. Using two re- 
sistors decreases the capaci- 
tance by a factor of tw^o. All you 
have to do is join the two re- 
sistors above the PC board. 

The output of the 
translmpedance amplifier is 
simply its Input current times 
the transimpedance resistance. 
That's why its sometimes called 
a current-to-voltage converter. 
As you Increase the resistance, 
the signal increases, but the 
bandwidth decreases. Since the 
signal increases directly with 
the value of the resistance and 
the noise increases with the 
square root of the resistance, it 
makes sense to have the resis- 
tance as large as possible — it 
would, if you still had enough 
bandwidth. That's why Ql is a 
VHF transistor 

Since the center frequency of 
the signal is at 50 kilohertz, its 
desirable to limit the band- 
width of the optical amplifier to 
reduce the total noise, Tiran- 
sistor Q3 and the surrounding 
components form a two-pole 
high-pass filter at about 40 kilo- 
hertz. That eliminates such low- 
frequency noise as the 60-hertz 
optical noise given off by ixjom 
lights. 

IVanslstor Q4 and Its associ- 
ated circuitry form a 60-kilo- 
hertz low-pass liiter. That elimi- 
nates high-frequency electrical 
noise such as that from AM ra- 
dio stations. 

When the low-pass and high- 
pass filters are cascaded, they 
form a bandpass filter centered 
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FIG, 8— FM DEMODULATOR, An LM311 comparator converts the small analog signal 
to a digital level for ihQ GD4046 phase-locked loopv which is configured as a first-order 
FM demodulator. 



on 50 kilohertz* with a pass 
band of about 20 kllohertz. You 
could reduce the noise by mak- 
ing the filter narrower, or by 
putting a narrower filter be- 
tween the output of the optical 
amplifier and the input of the 
demodulation board. The dis- 
advantage of doing that Is that 
you would have to make the nar- 
row filter tunable, and use a 
scope to adjust it. 

TVanslbtors Q5 and Q6 form a 
different ial amplifier that is the 
only real gain stage in the op- 
tical amplifier besides QL The 
purpose of using a differential 
amplifier is so that a differential 
signal will be available to drive 
the voltage comparator. Its nice 
to drive a comparator differen- 
tially because you get twice the 
signal but not twice the noise- 
There is one problem with a dif- 
ferential amplifier: ifyouwanta 
reasonable amount of gain, the 
transistors must be well 
matched. That prevents one 
transistor from "current hog- 
ging*' and saturating. 

The matching of transistors 
can be done a number of dif- 
ferent ways — ^a curve tracer is 
best but most people donl have 
access to one. Next best Is a 
meter that actually measores 
gain at a given base or collector 
current. As a last resort, the cir- 
cuit in Fig, 7 can be used. Some 



kind of socket, such as an IC 
socket with only three pins can 
be used to hold the transistor. 
Simply measure the voltage 
from the collector to emitter, 
and choose two transistors that 
have the closest match between 
the collector-to-emitter voltage. 
Any transistor having less than 
about a volt has too much gain. 
It s also a good idea to use bias 
resistors that have nearly the 
same values, l^y to match the 
values of R16 and R23 and R17 
and R24 as close as possible. If 
the final amplifier isn't matched 
within a volt, you might want to 
adjust the values of R19 and 
R22, Those resistors were pur- 
posely put there to allow some 
"balancing" of the differential 
amplifier. Values from 10 to 33 
ohms should be fine. (Potenti- 
ometers were not used because 
they are expensive.) 

FM demodulator 

The schematic for the FM de- 
modulator is shown in Fig, 8, 
An LM311 comparator (ICl) con- 
verts the rather small analog 
signal to a digital level for the 
CD4046 phase-locked loop 
(1C2). Remember that the am- 
plitude of the recovered audio 
has nothing to do with the am- 
plitude of the received signal. 
The amplitude of the recovered 
audio depends only on the 



amount of frequency deviation 
set by the transmitter and the 
amplitude of your voice. 

The phase-locked loop (IC2) is 
configured as a first-order FM 
demodulator. With no input sig- 
nal, the center, frequency of the 
loop (pin 3 of IC2, which is also 
TP3) is adjusted by R8 for a fre- 
quency of 50 kllohertz. Because 
the variation from one CD4046 
to another can be quite large, 
you might have to adjust R7 
and, perhaps. R9 as weU. 

The demodulated output 
from IC2 Is low-pass filtered at 3 
kllohertz by Ql and its associ- 
ated circuitry^, and then sent to 
audio power amplifier 1C3* a 
Motorola MC34119, A wider 
bandwidth can be obtained by 
making the filter higher In fre- 
quency. Since the "carrier" fre- 
quency is only 50 kllohertz, 
don't try extending the audio 
bandwidth to more than 6 or 7 
kildherU. Pin 1 of the MC34U9 
can be tised for squelch or in 
conjunction with a push-to- talk 
switch to silence the receiver 
while transmitting. If you don t 
need the squelch, simply 
jumper pin 1 of IC3 to ground. 

Although you can use a stan- 
dard alkaline 9-volt battery to 
power the receiver, the current 
draw can be quite high on voice 
peaks. Six AA cells wouJd be a 
much better choice. 

We'll finish up the project next 
month with complete con- 
struction details. r-e 
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RAY M. MARSTON 

THE POPULAR 55S TIMER IC HAS 

been the star of three previous 
Electronics Now articles (Sep- 
tember 1992, page 58, October 
1992, page 69 and November 
1992, page 6L) Just when you 
thought that all possible ap- 
plications for that versatile 555 
had been exhausted^ — surprise! 
This article takes the 555 into 
new territory — a sawtooth gen- 
erator, a **ramp * generator, a 
time-base generator, a frequen- 
cy meter, and even a tachometer 
for your car. 

But that's not aU — there Is a 
missing-pulse detector, and DC 
voltage doubles tripler and 
quadrupler There are also 
negative and high-voltage gen- 
erators and a DC to AC inverter! 

If yoaVe been following the 
previous articles and (we hope) 
building some or all of the cir- 
cuits presented In them, you 11 
be all set for the circuits pre- 
sented here. Who said the mi- 
croprocessor was the most 
versatile IC, anyway? 

The last three articles on the 
555 explained its basic operat- 
ing principles. You would have 
learned (or refreshed your mem- 
ory) about how to place external 
components so the timer func- 
tions either as a monos table or 
astable multivibrator. You 
might want to reread the intro- 
ductory sections of those arti- 
cles to brush up on the unusual 
features of the 555. A complete 
schematic of the circuitry con- 
tained in the 555 is given as Fig, 
2 on page 64 of the September 
1992 Issue, 

Figure 1 is another functional 
block diagram and pinout of the 
bipolar 555 with a different ar- 






"Ground 



RO. 1— FUNCT10KAL BLOCK DIAGRAM and ptrtout for the bipolar 5S5 timer IC, 
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rangement of functional blocks 
than the others given earlier. Il- 
lustrating yet another msmufac- 
turers preferred data book 
presentation. Neither diagrams 
nor data sheets on the 555 have 
been standardized. 



Sawtooth-wave generators 

The 555 with external compo- 
nents can become a triggered 
nonlinear (exponential) 
sawtooth waveform generator, 
as shown in the schematic Fig. 
2-a. The circuit is a modified 
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FIG, 4— OSCILLOSCOPE TIME-BASE GENERATOR circuit based on the 555, a, and 
ramp and ramp brightness pulse waveforms for an oscilloscope's X and 2 axes. 



tnonostable multivibrator that 
is triggered by an external 
square wave trigger pin 2 ob- 
tained through capacitor C2 
from the collector of transistor 
Ql. Note that output pin 3 of the 
555. used in most of the 555- 
based circuits presented earlier 
is unused here. 

The voltage across C4 (the 
timing component) is normally 
zero, but whenever the circuit is 
triggered* C4 charges exponen- 
tially through resistor R5 and 
PERIOD potentiometer R6 to two- 
thirds of the supply voltage. At 
that time, the monostable 
period ends and the voltage 
across C4 drops abruptly to 
zero. The output sawtooth 
waveform (Fig. 2-b) is taken 
across capacitor C4 through 
buffer transistors 92 and §3 
and LEVKL potentiometer R7. 

The period of the sawtooth or 
width can be varied from 9 mi- 
croseconds to 1,2 seconds with 
the capacitance values for C4 
listed in 'mble 1. The circuit^s 
maximum usable repetition fre- 
quency is approximately 100 
kHz. 

The generator must be trig- 
gered by rectangular input 
waveforms with short rise and 
fall times. Potentiometer R6 
controls the sawtooth period 
over a decade, and potentiome- 
ter R7 controls the amplitude of 
the output waveform, 

Figure 3-a shows a triggered 
linear sawtooth or ramp wave- 
form generator Capacitor C4 is 
charged by a constant-current 
generator that includes Ql. The 
output waveform (Fig. 3-b) is 
taken at the wiper of level 
potentiometer R6, which is cou- 
pled to the voltage across C4 
through 92. Note that the 
cur\^ed ramps of Fig, 2-b have 
been flattened- 

When a capacitor is charged 
from a constant current source, 
its voltage rises at a predictable 
linear rate that can be expressed 
as: 

Volts/second = amperes/farad 
By introducing more practical 
values, alternative expressions 
for the rate of voltage rise are: 
V/juLS = A/|jlF, or 
V/ms - mA/|xF 

Those formulas state that 
voltage rate-of-rise can be in- 
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FIG. 8— ALTERNATIVE ANALOG TA- 
CHOMETER CIRCUIT ta Rg. 6. 



creased either by Increasing the 
charging current or by decreas- 



ing the capacitance value. 

The charging current in the 
Fig- 3-a circuit can be varied 
over the range of about 90 mi- 
croamperes to 1 milhampere 
with PERIOD potentiometer R5. 
thus giving the 0.01 microfarad 
timing capacitor rates-of-rise of 
9 volts per millisecond to 100 
volts per millisecond. 

Each one-shot or monostable 
cycle of the 555 ends when the 
vokage across C4 reaches two- 
thirds of the supply voltage. As 
shown in Fig. 3-a, the supply is 
9 volts, so two-thirds of 9 volts is 
6 volts, the amplitude of the 
ramp waveforms in Fig, 3-b, 



The sawtooth cycles of the cir- 
cuit have periods variable from 
666 microseconds (2/3 millise- 
cond) to 60 microseconds 
(6/100 millisecond). 

Periods can be increased 
beyond those values by increas- 
ing the value of C4, or reduced 
by reducing the value of C4, In 
this circuit, stable timing peri- 
ods depend on a stable voltage 
source. 

Fig, 4-ashows how the circuit 
in Fig, 3-a can be modified to 
become an oscilloscope time- 
base generator It can be trig- 
gered by externa] square waves 
through a suitable trigger selec- 
tor circuit. The ramp output 
waveform (top of Fig. 4-b is fed 
to the X plates of an oscilloscope 
with a suitable amplifier stage. 
The pulsed oljtput from pin 3 of 
the 555 (shown in the lower half 
of Fig. 4-b) is fed to the CRTs Z 
axis to trace the ramps with 
higher brightness. 

The shortest useful ramp 
period that can be obtained 
from the cirCLiit in Fig. 4-a (with 
a 0.001 microfarad capacitor 
C3) is about 5 microseconds. 
That value, when expanded to 
give full deflection on an os- 
cilloscope with a ten-division 
graticule, yields a maximum 
timebase rate of 0.5 microse- 
cond per division. 

The timebase circuit of Fig. 4- 
a can synchronize signals at 
trigger frequencies up to about 
150 KHz. At higher frequencies, 
the input signals must be divid- 
ed by a single- or mLilti -decade 
frequency divider With that ap- 
proach, the timebase can be 
used to view input signals at 
megahertz frequencies. 

Figure 5 illustrates a simple 
but versatile trigger selector cir- 
cuit for the timebase generator 
in Fig, 4-a. Operational ampli- 
fier ICl {a |jlA741) has a refer- 
ence voltage fed to its non- 
inverting input pin 3 by 

TRIGGER LEVEL pOtCnt lOmctcr 

R4. The signal voltage is then 
fed to ICls inverting pin 2 
through switch SI, resistor Rl 
and sENsiTTVY potentiometer 
R3. 

Switch SI selects either in- 
phase or out-of-phase input sig- 
nals from the Y-driving ampli- 
fier of the oscilloscope, permit- 



ting the selection of either the 
plus or minus trigger modes. 
The output of the circuit in Fig, 
5 is coupled directly to the CI 
input of Fig. 4, 

Analog frequency meters 

Figure 6 shows the 555 IC or- 
ganized as a iinear-scale analog 
frequency meter with a full- 
scale sensiti\ity of 1 kHz. The 
circuit's power is obtained from 
a regulated 6-volt supply, and its 
input signals can be pulses or 
square- wave signals with peak- 
to-peak amplitudes of 2 volts or 
greater, TVanslstor Ql amplifies 
this input signal enough to trig- 
ger the 555. The output from 
pin 3 is fed to the l*mill!ampere 
full-scale deilecilon moving-coil 
meter Ml through ofTset-cancel- 
ing diode Dl and multiplier re- 
sistor R5* 

Each time the monostable 
multivibrator is triggered, it 
generates a pulse with a fixed 
duration and amplitude^ If each 
generated pulse has a peak am- 
plitude of 6 volts and a period of 
1 millisecond, and the mulii- 
vibrator is triggered at an input 
frequency of 500 Hz, the pulse 
will be high (at 6 volts) for 500 
milliseconds in each 1000 milli- 
seconds. Moreover the mean 
value of output voltage mea- 
sured over this period is 500 
milliseconds/1000 milliseconds 
X 6 volts = 3 volts or half of 6 
volts. 

Similarly, if the Input fre- 
quency is 250 Hz* the pulse is 
high for 250 milliseconds in 
each 1000-mlUlsecond period. 
Therefore, the mean output 
voltage equals 250 millise- 
conds/ 1000 milliseconds x 6 
volts = 1.5 volts or one quarter 
of 6 volts. Thus, the circuits 
mean value of output voltage, 
measured over a reasonable 
total number of pulses, is di- 
rectly proportional to the repeti- 
tion frequency of the monosta- 
ble multivibrator. 

Moving-coil meters give mean 
readings. In the circuit of Fig, 6 
a l-mlUiampere meter is con* 
necled In series with multiplier 
resistor R5, which sets meters 
sensitivity at about 3,4 volts 
full-scale deflection. The meter 
is connected to give the mean 
output value of the multi- 
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RG. 10— DC VOLTAGE-DOUBLER based on the 555. 
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vibraton and its reading is di- 
rectly proportional to the input 
frequency: 

With the component values 
shown* the circuit is organized 
to read Tull-scale deflection at 1 
kHz. To set up the circuit ini- 
tially, a 1-kHz square-wave sig- 
nal is fed to its input* and full- 
scale-adjust potentiometer R7 
{It controls pulse length] is set 
to give a full-scale reading on 
the ineter 

The full-scale frequency of the 
circuit In Fig. 6 can be varied 
from about 100 Hz to 100 kHz by 
selecting the value of C3. The 
circuit can read frequencies up 
to tens of megahertz by intro- 
ducing the input signals to the 
m on OS table multivibrator 
through either a single or multi- 
decade digital divider. The di- 
viders can reduce the input fre- 
quencies to values that can be 
read on the meter 

Figure 7 shows how the cir* 
cuit in Fig. 6 can be modified to 
become an analog. tachometer 
or revolutions per minute (rpm) 
meter for motor vehicles. The 
circuit is powered by a regulated 
8.2 volts derived from the vehi- 
cles 12-voltbatterynvith resistor 
RK Zener diode Dl. capacitor 
CI. and the Ignition switch. The 
555 is triggered by a signal from 
the vehicle's breaker points con- 
ditioned by the net\\wk of re- 
sistor R2, capacitor C2. and 
Zcncr diode D2, 

The 50-microampere moving- 
coil meter Ml, the rpm Indica- 
tor, is activated from output pin 
3 of the 555 through diode D3. 
Current is applied to the meter 
through series -connected re- 
slstor R5 and calibrate 
potentiometer R6 from the 
power supply when the 555's 
output Is high. But current is 
dropped nearly to zero by diode 
Dl when the 555s output is low 

Both the circuits of Figures 6 
and 7 are powered from regu- 
lated sources to ensure a con- 
stant pulse amplitude and 
provide accurate, repeatable 
readings from the meter. The 
meter is actually a current-indi- 
catmg device, but it is con- 
nected as a voltage-reading 
meter with suitable mu if fpfying 
resistors. They are R6 and R7 In 
Fig, 6 and R5 and R6 in Fig. 7, 



The diagram of Fig, 8 shows 
the outline schematic for an al- 
ternative analog frequency 
meter that requires neither a 
multiplier resistor nor a regu- 
lated power supply. In this cir- 
cuit, OUTPUT pin 3 of the 555 is 
connected to the meter through 
JFET transistor Ql. Configued 
as a constant-current generator 
through potentiometer R3. it 
sends a fixed-amplitude pulse 
to the meter regardless of varia- 
tions in the supply voltage. 

Missmg-piilse detector 

Figure 9 illustrates how the 



555 can become the key compo- 
nent in a missing-pulBe detec- 
tor that closes a relay or 
illuminates a LED if a normally 
expected event fails to occur. 
The 555 is connected as a 
monostable multivibrator ex- 
cept that Ql is placed across 
timing capacitor CI. and its 
base is connected to trigger 
pin 2 of the IC through RL 

A series of short pulse- or 
switch-derived clock input sig- 
nals from the monitored event 
is sent to pin 2. The values of R3 
and CI were selected so that the 
natural monostable period of 




RG. le^FUNCTIONAL BLOCK DIAGRAM and pinout of the CMOS 7555. 



the IC is slighOy longer than the 
repeti tion period of the clock in- 
put signals. 

Thus, each time a short clock 
pulse arrives, CI is rapidly dis- 
charged through gi, and simul- 
taneously a one-shot timing 
period is initiated through 
TRIGGER pin 2 of the IC, forcing 
OLTTPUT pin 3 high. Before each 
monostabie period can termi- 
nate naturally howeven a new 
dock pulse arrives and starts a 
new timing period. Therefore 
OUTPUT pin 3 remains high as 
long as clock-input pulses con- 
tinue to arrive within the preset 
time limits. 

If a clock pulse is missing or 
its period exceeds the pre-set 
limits, the monostabie period 
will end on its own. If that hap- 
pens, pin 3 of the IC will go low 
and drive either the relay or LED 
"on." As a result, the circuit be* 
comes a missing-pulse detector. 
It wlU produce a pulse output 
when an input pulse fails to oc- 
cur within the timer delay 

Missing-pulse detectors like 
this can automatically warn of 
gaps or one or more missing 
pulses in a stream of pulses at 
the input. They are used in com- 
munications systems, con- 
tinuity testers/ and security 
systems. With the component 
values shown, the timer has a 
natural period of about 30 sec- 
onds. This period can be 
changed by changing R3 or CI 
to satisfy specific needs. 



Voltage converters. 

The 555 IC can be Instrumen- 
tal in converting a DC voltage to 
a higher DC voltage, reversing 
the polarit}'^ of a DC voltage or 
converting it to an AC voltage. 
Figures 10 to 15 show variations 
of those circuits. 

Figure 10, for example, shows 
how the 555 functions in a DC 
voltage doubler. The 555 is orga- 
nized as a free-running astabte 
multivibrator or square-wave 
generator that oscillates at 
about 3 kHz. [The oscillation 
frequency Is set by the values of 
RL R2 and C2,) The circuits 
output is sent to the capacitor/ 
diode voltage-doubler network 
made up of C4, Dl, C5, and D2, 
That network produces a volt- 
age that is about twice the sup- 
ply voltage. Capacitor CI, across 
the supply, prevents the 3-kHz 
output of the 555 from being fed 
back to the IC, and C3 stabilizes 
the circuit 

The voltage-doubler circuit of 
Fig. 10 will operate from any DC 
supply offering from 5 to 15 
volts. As a voltage doubler it can 
provide outputs from about 10 
to 30 volts. Higher output volt- 
ages can be obtained by adding 
more multiplier stages to the 
circuit circuit. Figure 11 is the 
schematic for a DC -voltage trl- 
pler that can supply from 15 to 
45 volts, and Fig, 12 is the sche- 
matic for a DC voltage quad- 
rupler that supplies from 20 to 
60 volts. 



The DC negative-voltage gen- 
erator is a particularly useful 
555-based converter circuit. It 
supplies an output voltage that 
is almost equal In amplitude 
but opposite in polarity to that 
of the IC supply This circuit can 
provide both positive and nega- 
tive voltages for powering op- 
amps and other IC's with dual 
power requirements from a 
positive supply. The DC nega- 
tive-voltage generator in Fig* 13. 
like that shown in Fig. 10. is a 3- 
kHz oscillator that drives a volt- 
age-doubler output stage made 
up of C4, C5, Dl, and D2, 

Figures 14-a and 15 show DC 
to AC inverters that change In- 
put DC voltage to output AC 
voltage by means of transformer 
coupling. The AC voltage from 
these inverters needs no further 
conditioning* £md it can be con- 
verted back into higher DC volt- 
ages with the addition of only a 
half- wave rectifier and a capaci- 
tor filter. 

The inverter shown in Fig. 14- 
a can drive a neon lamp with its 
AC output. If the lamp and re- 
sistor R4 are replaced by the di- 
ode and capacitor filter as 
shown in Fig, 14-b, the AC out- 
put can be converted back to a 
loW'Current, high-voltage DC 
output. For example, with a 5- 
to 15-volt DC input, the inverter 
can produce an output of sev- 
eral hundred volts DC* 

The 555 in Fig. 14-a Is config- 
ured as a 4-kH2 oscillator and 
its square-wave output from pin 
3 is fed back to the input of au- 
dio transformer Tl through re- 
sistor R3, TVansformer Tl has 
the necessary ratio of primary to 
secondary turns to produce the 
desired output voltage. For ex- 
ample, with a 10-volt supply and 
a 1 :20 turns ratio on Tl, the un- 
loaded output of Tl WlU be 200 
volts, peak. 

The DC-to-AC inverter sche- 
matic of Fig. 15 produces an AC 
output at line frequency and 
voltage. The 555 Is configured 
as a Tow-frequency oscillator, 
tunable over the frequency 
range of 50 to 60 Hz by 
FREQUENCY potenliomcter R4, 
The 555 feeds its output (ampli- 
fied by 9 1 and Q2) to the input 
turns of transformer Tl, a re- 
verse-connected filament trans- 
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former with the necessary step- 
up, turns ratio. Capacitor 04 
and coil LI filter the input to Tl , 
assuring that it Is effectively a 
sinewave. 

A CMOS version of the 555 

The standard bipolar 555 
timer IC is still one of the most 
popular and versatile IC's today, 
but it has some drawbacks that 
were overcome by a CMOS ver- 
sion. For exam pie. the 555 will 
not operate from voltages less 
than about 5 volts. Moreover, it 
typically draws 10 milliamperes 
of quiescent current when run 
^ from a 15-volt supply This 
g rather large current drain 
maltes it unsatisfactory for 
B most battery-powered circuits, 
g In addition to those short- 
g comings, the 555 produces a 
5f massive 400-milliampere cur- 
^ rent spike from the supply as its 
g output is switched from one 
I state to the other, A spike, last- 
^ ing only a fraction of a microse- 
iB cond, can cause lost bits in 
digital circuits near the 555 or 
60 powered from the same supply 



The CMOS version of the 555 
timer, also able to operate in 
both monostable and astable 
modes, is known generically as 
the 7555. Figure 16 shows the 
functional block diagram and 
pinout of the 7555. Tifiis can be 
compared with the functional 
block diagram of Fig L Note that 
the pinout is identical. 

Harris Semiconductor's ver- 
sion of the 7555* for example, is 
designated the ICM7555. In 
common with all other 7555's, it 
will run from a + 2- to -f 18-voit 
DC supply. Notice that the re- 
sistors in its internal voltage di- 
vider are 50 K rather than the 
5K of the 555. Other sources of 
the 7555 are Maxim (1CM7555) 
and Sanyo tLC7555), 

Supply current to the 7555 is 
typically only 60 microamperes 
when run from an 18-volt sup- 
ply In addition, typical trigger, 
THRESHOLD, and RESET curreuts 
are 20 picoamps, orders of mag- 
nitude lower than those of the 
bipolar 555. Those low currents 
permit the use of higher imped- 
ance timing elements for longer 



I 

RC time constants. The 7555 
can be organized to time out in 
periods from microseconds to 
hours. 

'Kible 2 compares the charac- 
teristics of the 7555 to those of 
the 555, The 7555 permits: 

• Lower supply current 

• Wider supply voltage range 

• Lower power dissipation 

• Lower current spikes in out- 
put transitions 

• Higher switching frequency 
performance 

These improvements must be 
balanced against the higher 
cost of the 7555. The 7555 
should be specified only if: 

• !t is to be used in a battery- 
powered circuit where power 
economy is critical 

• Available power is 5 volts or 
less (too low for the 555) 

• It is to be in digital circuitiy 
whose signal output could be 
degraded by noise. 

The 7556 is the dual CMOS 
counterpart of the bipolar 556. 
The 7555 can directly replace 
any 555 in all the circuits pre- 
sented in this series, B-B 



TUMBLING PRICES AND SURGING 

power have brought computers 
into nearly every facet of our 
lives. Gone forever are the days 
when only large companies 
could afford computers. No lon- 
ger does It take a mainframe 
that nearly (ills an entire room 
to sort business records or do 
mind-bending arithmetic. To- 
days powerful yet affordable 
desktop machines are taking on 
exciting new chores in every 
phase of business — and the 
home. 

According to the Electronic 
Industries Association (ElA). 
the computer and peripheral 
market more than doubled dur- 
ing the 1980b. from S24.3 bil- 
lion in 1980 to S56.1 biUion in 
1990, as shown in Fig. 1. Ac- 
cording to the ELA. the home 
computer market grew 50% in 
one three-year period, from 
$4.5 billion in 1988 to S6.4 bil- 
lion In I99L In addition, per- 
sonal computers can be found 
in 33% of the homes in the 
United States, 



Today's computers can 
crunch reams of data at blind- 
ing speeds, but improvements 
in monitor technology have also 
increased the number of com- 
puter applications. Desktop 
publishing systems that com- 
bine text and graphics are 
bringing print-shop quality to 
financial reports* company 
newsletters, and sales presenta- 
tions. Surgeons create comput- 
er-generated, 3-D images of 
their patients insides long be- 
fore they pick up a scalp eL 
Landscape artists design life- 
like layouts with trees, shrubs, 
and flowers before turning a 
single spade of dirt. 

Monitor manufacturers are 
continually working to improve 
graphics clarity and resolution, 
and large strides have occurred 
during the past decade. The 
monitors of the early eighties 
had poor resolution and fuzzy 
graphics compared to those on 
the market today Tbday s main- 
stream monitors are capable of 
displaying crisp graphics and 



text. High-end monitors pro- 
duce fabulous pictures with 
crystal-clear resolution. 

Monitor improvemeats 

These improvements have 
come about as a result of en- 
hancing four primary perfor- 
mance-def in 1 ng charac- 
teristics: horizontal frequency, 
horizontal resolution, vertical 
frequency, and verticaJ resolu- 
tion, as shown in Fig. 2, Each is 
defined below: 

Horizontal Frequency The 
number of times per second the 
electronic beam travels horizon- 
tally across the CRT and back. 
Horizontal scan time is the in- 
verse of horizontal frequency 

Horizontal Resolution The 

number of dots or picture ele- 
ments ("pixels") that can be dis- 
played horizontally A pixel is 
the smallest dot the monitor 
can display 

Vertical Frequency The 
number of times per second the 
electron beam travels from the 




FIG. 1— SALES OF COMPUTERS AND PERIPHERALS surged in the 1980%, and con- 
tinue to grow \r\ the 1990'3. 




FtG, 2— COMPUTER MONITOR PERFORMANCE can be defined by four charac- 
teristics^ horizontal frequency and resolution, and vertical frequency and resolution. 



top of the CRT to the bottom 
and back. Vertical scan time Is 
the Inverse of vertical frequency 
(1//J. 

Vertical Resolution The 

number of picture elements dis* 
played vertically on the CRT 
Vertical resolution Is compara- 
ble to the number of "lines*' In 



television terminology. 

A fifth characterlstiCp dot 
pitch, also plays a role In deter- 
mining the resolution of a 
monitor. Dot pitch is the dis- 
tance between like colors in the 
shadow mask. Dot pitch deter- 
mines the size of the smallest 
pixel a color CRT can display 



The smaller the dot pitch » the 
sharper the image. Typical val- 
ues of dot pitch are between 
0.26 and 0.50 mm. Figure 3 
shows the distance between the 
centers of two red dots. 
Today's hlgh-resolutlon 
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FIG, 3— DOT PITCH Is the distance be^ 
tween like colors In a CRT shadow mask. 

monitors represent improve- 
ments over their predecessors 
in several ways, including in- 
creased horizontal and vertical 
frequency and resolution, and 
decreased dot pitch. On early 
monltorSi the electron beam 
typically took 63.7 |jLS(corresp- 
onding to a frequency of 15.7 
kHz) to scan one line. Today it is 
not uncommon for the beam to 
complete its trip In 13.0 /is(76.9 
kHz) or even less, as shown in 
Fig. 4. 

In addition, more pixels are 
being displayed per horizontal 
line, and more lines are dis- 
played per frame. Whereas early 
computer monitors had 640 
horizontal pixels and 200 lines, 
common monitors today have 
1.024 horizontal pixels and 768 
lines — or more. A faster scan 
rate gives the monitor extra 
time to display additional lines 
and pixels. 

Video bwdwidth 

Video bandwidth is the high- 
est frequency the monitors vid- 
eo circuits can pass. In general, 
higher resolution requires 
higher bandwidth. A visual in- 
dication of sufficient band- 
width comes from displaying a 
pattern that produces a single- 
pixel line, as shown in Fig. 5, 

lb get a basic understanding 
of the bandwidths required by 
high- and low-resolution 
monitors, let*s calculate the 
bandwidth required by each. 
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FIG. 4— A HIGH-RESOLUTION MONITOR 
scans across the screen more than four 
times, while a low-resolution monitor 
does so once. 



We'll analyze a high-resolution 
monitor that scans at 64 kHz 
and displays 1024 pixels per 
line» and a low- resolution 
monitor that scans at 15.7 kHz 
and displays 640 pixels per line. 

High-Resolution Bandwidth 
Inverting the horizontal scan- 
ning frequenc>' [64 kHz) gives a 
total horizontal scan time of 
15-6 jts. As shown in Fig. 6. 
about 80% of that time is for 
active video (what's seen on the 
monitor) and about 20% is for 
blanking. Using the 80/20 ratio 
in the example translates into 
12.5/3.1 ^is active/blanking. If it 
takes 12.5 fis to display 1024 
pixels, it therefore takes 
12.5/1024 = 12,2 ns to display a 
single pixel. Inverting that fig- 
ure gives a bandwidth of 81.9 
MHz, So. to see a crisp, distinct 
line, one pixel wide, the band- 
width of the video amplifiers in 
a high-resolution monitor must 
be 8L9 MHz or i^reater. 

Low-Resolution Bandwidth 
A horizontal scan rate of 15.7 
kHz gives a horizontal scan 
time of 63*7 ^xs. Eighty percent 
of that is 51.0 \ls, during which 
640 pixels will be displayed. 
Thus the time per pixel = 
51/640 = 79.6 ns. Inverting 
that figure gives a low-resolu- 
tion bandwidth of 12.6 MHz. 

Computer monitors 

Monitors can be divided into 
three basic categories: digital, 
analog, and ECL (emitter-cou- 
pled logic). Digital and analog 
monitors can be either mono- 
chrome or color. ECL monitors 
are always monochrome. 

The video input signals to a 
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FIG, 5~A ONE-PIXEL VERTICAL LINE is 
a good Indicator of a monitor's inax- 
imum l^andwidth. A crisp, distinct line 
shows that the monitor has sufficient 
t^ndwidtti. 



er than 2 volts) or low (less than 
0.8 volts), A color digital 
monitor has red. green, blue 
and [usually) intensity Inputs, 
and it can display as many as 64 
colors, depending on the binarj* 
code on the RGBI inputs. Figure 
7 shows how different combina- 
tions of I s and O's translate into 
different colors on a digital color 
monitor A digital monochrome 
monitor can display as many as 
64 shades of gray (or green or 
amber, depending on the phos- 
phor), also by using combina- 
tions of logic levels. 

An analog monitor can dis- 
play an Infinite number of col- 
ors (or shades of gray). The 
video signal fed to an analog 
monitor is usually 0.7 volts 
peak-to-peak (black to white). 



-TOTAL TIME- 



80% ACTIVE VIDEO- 



VIDEO 



.20%BLANKiriG, 



HOfllZOim 



RG. 6^A TYPICAL VIDEO SCAN LINE consists of 80% active video and 20% blanking. 
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RG. 7— A DIGrrAL-lNPUT MONITOR PRODUCES COLORS based on vartous combina- 
tions of signals. For example, the monitor displays magenta when red and blue are 
high and green is low. 

digital monitor are TTL logic Figure 8 illustrates the corre- 
levels that are either high (great- spondence between analog in- 



put voltage and gray level. 

lb achieve fast switching time 
and higher resolution, some 
high-end monitors use ECL 
lC*s. ECL monitors are mono- 
chrome, can display only a lim- 
ited number of shades of gray 
typically have a 19-inch or larger 
screen, and horizontal resolu- 
tions greater than 1024 pixels. 

Video adapters 

Most IBM-compatible person- 
al computers have a video 
adapter card that is responsible 
for generating the video and 
sync signals used by the 
monitor. There are many stan- 
dards for the different video for- 
mats* as shown in Tkble L Each 
format has a different resolu- 
tion and scan rate. Fixed-fre- 
quency monitors are built to 
handle just one format; multi- 
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TABLE 1— COMMON COMPUTER MONITOR FORMATS 
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FIG. 8— AN ANALOG MONITOR can dis- 
play an infinite number of colors or 
siiades of gray. 



frequency monitors can handle 
severaL Digital monochrome 
monitors are least expensive » 
followed by analog monochrome 
monitors^ followed by fixed- fre- 
quency color monitors, followed 
by multi-frequency color 
monitors. 

IBM introduced the CGA and 
MDA formats in the early 
I980*s. Both are digital formats, 
CGA provides 16 colors and can 
display bit-mapped graphics at 
a resolution of 640 x 200- MDA 
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provides only two shades of a 
single color and cannot display 
graphics. The Hercules card 
met a need by providing total 
compatibility with the MDA and 
also providing the ablHty to dis- 
play bit-mapped graphics, e.g.. 
graphs in Lotus 1-2-3. 

IBM introduced the EGA 
standard in 1984. EGA^s in- 
creased scanning frequency al- 
lowed a significant improve- 
ment in resolution over CGA, 
from 200 to 350 lines (horizon- 
tal resolution remained the 
samel EGA is a digital standard 
that can simultaneously display 
16 of a total of 64 colors. 

Next came IBM's PGA stan- 
dard, in 1985. It ;vas the first 
PC-based analog format, with 
TTL composite sync. The scan- 
ning frequency increased EGAs 
21.8 kHz by about 50% to 30.5 
kHz, The PGA standard dis- 
plays 256 colors out of 4096, 

IBM introduced the VGA stan- 
dard in 1987, VGA produces 
analog video with separate TTL 
sync, and a horizontal scan fre- 
quency of 31.5 kHz. VGA can 
display 256 colors out of 
256»000 in a low-resolution 
mode, and 16 colors in a text 
mode, VGA Increased vertical 
resolution from 350 to 480 
lines, again keeping horizontal 
resolution the same at 640. 

After VGA started to become 
popular, the market demanded 
even more resolution and color, 
IBM introduced the 8514, but 
prices were high, and at first 
only a model for the PS/2 was 
available. So video-card vendors 



introduced a variety of Super 
VGA formats that typically-max- 
out at 1024 X 768. with 256 
colors, IBM later introduced 
XGA, the current version of 
which supports 1024 x 768 x 
256. There are rumors that an 
upcoming 80x86 micro- 
processor from Intel will have a 
built- in XGA video processor. 

The Macintosh II standard 
produces an analog video signal 
with separate composite TTL 
sync. Other MAC standards 
place the composite sync on the 
green video line. Some Macin- 
tosh \1deo cards are capable of 
producing 256 colors from more 
than 16 million . These cards are 
also available for PC s, 

The video formats shown in 
Table 1 illustrate the vast 
changes that have occurred in 
the PC side of the computer 
market during the past ten 
years. But the chart doesn't tell 
the entire story: these are only 
the monitors sold for main- 
stream applications (e,g. word 
processing, spreadsheets, and 
home finance). In other areas 
(e,g,, engineering worksta- 
tions, medical imaging devices, 
high-end publishing equip- 
ment), it is not uncommon for 
monitors to have resolutions of 
2,048 pixels or more, and hori- 
zontal scan frequencies three to 
four times greater than that of 
VGA. Wouldn't it be great to 
have one of those monitors sit- 
ting on your desk? If current 
market trends continue, theres 
a good chance that you will — 
and soon. r-e 
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suag. Retail *i65.t35 '129 



"bonusT 

free ca&e 
vuitn purchase 
of E fi3 , 

Iff ' 

a-i POWBR ^oow 

.High speed shuiter 

-Mr super 




CackgrounO to video 
. orew 111". ^o'D";" 
endless poKiDllltlesl SALEi 

Sugg. Retail '600 'TUM 




Sugg Re^ J1» ^^^9 



$357 
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» video EQuipment 



> Busiruss (uuchines 
1 C3JCuiators;c?ro3ntEer5 
« E3ectnofilc Games 
* watches/ Sunglases 
- sm^i Horne Aji^iances 



Mall Order DeiJt: 

455 Smith street, Brooklyn, NX 11231 



< HI-FI Stfifeo Equipment 

< POfttfJle/PerEonai Audio 



EN 1292 



Visit our superstores at 

67 west 47th Street 115 west 45th street 

eet m & etti nvc ca. iic ((sonas^^iaso Bet. m\ i B-way mc ca, lic myi'^mm 

1'212-921-1287 

amoavsm MofL'TTiun 9:30^00. Ff/. 9:30-2:00, ao5«Jsatuft^ 

A New mrk Landmark for over 26 years! 



TOit free line 1^ open 
SUN. 10-5. E3A1LY 8-7, FRL B-2 
Local lines are op^n 
SUN. 1^5, DAILY FRI. ^50-3 

,1 costj 




TWO TRANSMITTERS IN ONE! 5 MINUTE 
ASSEMBLYt MONEYOACK GUARANTEE! 
New Law Enforcement grade device on a 
single chip is the most sensitive, powerful, 
stable room transmitter you can buy. Uses 
any 3V'12V baitery. Or attach to teEe phone 
line to monitor all telephone conversations 
over 1 nnile away without batteries! lOOmW 
output! 80-130MHZ. Receive on any FM radio 
or widetjand scanner, VT-75 microt ran smitten 
$49.95 + 1.50 S&H. VISA, MC, MO- COD^S 
add S4m DECO INDUSTRIES, Box 607, 
Bedford Hi!ls, NY 10507. 9U-232-387S. 

CIRCLE 127 ON FREE INFORMATION CARD 




CABLE TV CONVERTERS AND DE- 
SCRAMBLERS SB-3, TRI'BI. MLD, M35B. 
DRZ-DIC. Call for catalog and price list. Spe- 
cial combos available. We ship COD. Quan- 
tity discounts. Call for pricing on other 
products. Dealers wanted. FREE CATALOG. 
We stand behind our products where others 
faiL One year warranty. ACE PRODUCTS, 
1-800-234-0726. 

CIRCLE 75 ON FREE INFORMATION CARD 




WORLD'S SMALLEST FM TRANSMIT- 
TERS! New Surface Mount Technology 
(SMT) makes all others obsoletel XST500 
Transmitter— powerful 3 transistor audio am- 
pltfier, transmits whispers up to 1 mile. 
XSP250 Telephone Transmitter—line 
powered, transmits conversations up to Vi 
mile. Both tune 38-108 MHz. Easy to assem- 
ble E-Z KITS (SMT components pre- 
assembled to circuit board)! XST500— 
S39,95, XSP25C3— $29.95, VISA/MC. COD 
add S5. XANDI ELECTRONICS, 201 E, 
Southern Ave,, Suite 111, Tennpe, AZ 
95282.1^800-336-7389. 

CIRCLE 19^ ON FREE INFORMATION CARD 




CABLE TV 50dB NOTCH FILTERS for inter- 
ference removal or channel censoring. Filters 
are user-adjustable to desired channel # or 
frequency. Eight Models available, each for 
certain channels: 2 & 3; 4 to 6; 7 to 13: 14 to 
17; 18 to 22; 23 to 29; 30 to 36; 95 to 99 plus 0 
& 1. Just $30 each or 3 for S75, includes 
shipping. ONE MONTH MONEY BACK, fast 
delivery. Visa, MC, check or M.O. (CCD. is 
$5 extra) Huge discounts for hlgfier quan- 
tFties. STAR CIRCUITS, P.O. Box 94917, Las 
Vegas, NV 89193, Call 24 hours 
1-800-535-7027. 




GET YOUR RECHARGE CATALOG 
FREE...EARN BIQ $$ IN YOUR SPARE 
TIME— All supplies and Do- It- Yourself kits 
with compiete Instructions available. Sup- 
plies cost from $9.95 in qty and you can sell 
recharged toner cartridges for S40.00 to 
$55.00 each. Printers include HP LaserJet 
and Series II, Apple LaserWriter, QMS, etc. 
Canon PC-25 Copier also, CHENESKO 
PRODUCTS, 2221 Fifth Ave., Suite #4, 
Ronkonkoma, NY 11779, 516>467"3205. 
FAX 51M67^3223, 1-800-221-3516 
CIRCLE m ON FREE INFORMATION CARD 



CALL NOW 
AND 

RESERVE 
YOUR SPACE 

• 6 X rate $940,00 per each insertion. 

• Fast reader service cycle. 

• Short lead lime for the placement of 

ads. 

• We typeset and layout the ad at no 
additional charge. 

Call 51 $-293-3000 to resen/e space. 
Ask for Arline Fishman. Limited number 
of pages available, f^ait materials to: 
mIni-ADS. ELECTRONICS NOW, 500-8 
Bi- County Blvd., Farm ingd ale, NY 
11735. 

FAX: 516-293-3115 



WHAT'S NEWS 



continued from page 6 



the development of table-top. laser- 
powered particle accelerators, as 
opposed to today's massive, expen- 
sive accelerators. Another potential 
use for supercharged laser beams 
is the development of an X-ray laser 
capable of observing the molecular 
and atomic action of living cells. 

The secret to the record-breaking 
power levels is a technique called 
chirped-pufse amplification, in 
which laser pulses are first pro- 
duced in short bursts of a fraction of 
a picosecond (about one trillionth of 
a second). The duration of the 
pulses is then stretched out about a 
thousand times before the pulses 
enter the laser's amplifier After am- 
plification, the pulse is compressed 
back to the original fraction of a 
pfcosecond burst. 

The research teams' "ultimate 
goal," according to Jacques Cou- 
tant, department head at the Cen- 
tre, "is to push the power of the 
beam to tOOO terawatts/' R-E 



VIDEO NEWS 



continued from page 8 



HDTV sen/ice, since most majorca- 
ble systems have channels to 
spare. It s easy to see the possibifity 
of a pay channel carrying movies in 
widescreen near-theater definition, 
the way th^ were intended to be 
seen. In fact, HBO and other pay 
cable operators are excited over the 
prospect. The same is true of the 
pnoposed multi*channel direct satel- 
lite-to-home systems, such as 
Hughes Aircraft's DirecTV, which 
seem certain to earmark some 
channels for HDTV. 

The real key to the equation lies 
with consumers. Wilf they be willing 
to pay $2000 and up— perhaps way 
up — for the first HDTV sets when 
there is little or no pnogramming? 
Test after test shows average view- 
ers regard program content as more 
important than picture quality. A 
massive education job and some 
significant program pump-priming 
seem indicated if HDTV is to catch 
on in a faster time frame than color 
TV's 10 years. R-E 
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Science PROBE! — the only 
magazine devoted enlimly to Amateur 
Scientislsi If you are lascinated by sci- 
ence in all its many fomis , , .if you can't 
Stay away from a microscope, tele- 
scope, calipers, or test tube — we in- 
vite you to share the wonders in every 
issue of Science PROBE! You will join 
a community of Amateur and Student 
Scientists who enthusiaslicaUy seek 
scientific knowledge or foNow scienfific 
pursuits for thetr own sakes and not 
merely as a profession- 
Obtain your next issue of Science 
PROBEI by visiting a quality News- 
stand, Convenience Store, or Super- 
market or by resen/ing your personal 
copy through the mail by completing 
the coupon below. 

From your very first issue of Science 
PROBE! you will be involved in a world 
of scientific facts, experiments, and 
studies pursued by amateur scientists 
who are university students. Investors, 
academicians, engineers, or office 
workers* salesmen, farmers — whose 
quest is to probe into the mysteries of 
science and reveal them to alL 

Plan to become a Science PROBE! 
reader! 



Welcome to. 





The ylmateur Scientist's Journal 

Embark on an irresistible new journey into the realm 
of mystery, challenge, and exploration! The perfect 
magazine for the budding scientist, the serious 
amateur, the professional who would like to relax, 
and those who simply want to gaze at the stars. 

Articles to appear in upcoming issues of Science PROBE! 
are: 

Inside Internet-^ Scientific Computer Network 
Make your own Seismometer 
Operate a Solar-Powered Weather Station 
Assemble a Solid-State Portable Barometer 
The Bicycle— A Traveling Scientific Laboratory 

If you're fascinated by science in all its many forms, 
if you are compelled to experiment and explore, then 
Science PROBE! is your kind of magazine! 

For Faster Sen/ice — Call Today: 
1-800-777-5489 



Science PROBEt 

fjQO-B Bi -County Boulevnnl 
Farmingdaiis NY 11735 



7RM26 



Please forward my copy of Science PHOBE! &s soon as it cornea off the press. 
I ani enclosing $3. 95*U.S A «$4.82*Canadfl4nclud£8 G.ST.) plus SLOO for 
shipping and handling. Bciler BtiW. please enroll me as a Kub^riber and send 
the next four (4i quarterly issues of Science Probe. 1 am entl(&mg $11.95- 
U.S. A. (Ca nada: $18.1 ntXudes G^.T. ) 

G Next Issue Only □ Next Four Issues ( 1 Year) 
Offers valid in the U.S.A< and Canada only. No foreign orders. 
Name 



Address. 



-Stale. 



j City 

I All Orders pa>'able in U^^A. Fbtid^ anlw 

I . 



ON SALE AT QUALITY NEWSSTANDS, CONVENIENCE STORES AND SUPERMARKETS 
GET YOUR COPY TODAY— S3.95-U.S.A.—S4.50-Canacia 



BIG PROFITS IN 
VIDEO REPAIR! 



WnUK KKo\i in»\iK-KvKS SS5 MR! 
VUlh ihe tens <il miUions o1 VCRs ar 
Gam carders in usen there 
cunentty is a si^mui iHp{l>9« ol 
trained lechs io perform cieinirm ftnd 
repair fobs on ih^se papular ctovieMi^* 
Learn how yoy c*n ^tart ) 
dwn highly profitable. 
tiofiri^>ft»»ed video 
Hfviehig 
business... 
And sinco up to 
95*^01 oil VCR 
and 

Camcorder 
malluncllons ^ 
0r# due 1o a simpi? 
miPCrtiADleai or giectro- 
inachADical 

fniture, you need nol spend 
months or even years or 
compticated: siudy bofote starting paid, 
profsssicnHal service work! 

Lei Viejo's Tralrtirtg Program show you h<m\ 

T.:!:;:.> 1-800-537-0589 



hiNRUSH CURRENT LIMITED 




VIEJO PI BUCATIONS- INC, 
4470-107 Suhh^i Btvil., Suite 600 
DcpL VK Lm AngelcN, CA 'XJn27 
.^rttFFnP-mRTi \m kit h.t.. 

jVtRRrpair 
J ('iintctirdirr Rt'^pnir 
J r\i|ViJiiF(.'il VCK Repair 
Ji t Mj4'htiic R^pjir 

N ill in; . 

AtUrtJvS 

C t| ) /S( Liie 
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Cable TV 

Article Parts 



We stock the exact Parts & PC 
Board for an article published in 
Radio Electronics Magazine on 
building a Snooper Stopper. 

Snooper Stopper KK ,S19.95 

Inciudei oJr the ongtnal Pwit & Etc hod. Dr^M«d 
SilK-Scf«ned PC &o*ita. 

Snooper Stopper.,,,. S39,00 

Thtt II Ari usambi«o ano t*fftd fi^tad frequency 
lOS.SMru. SnCMiaef SioapT tof mosi Jermtd xvttern&. 

Protect yourself from descrambler 
detection and stop the Bullet with 
one of our Snooper Stoppers. 

Macrovtsion-.now you see it, 
now you don*t. 

Macrovision Kit ......,......S29.00 

mciuon oJ! tno onpmil Fans & Eicriea. Ont: 
SiLf(^cr«en*d PZ Boa,i]. Dnginal^ Pu&hsn*d in 
Radid Electronics M^gazinQ 

Call Toll Free 1-800-885-8699 

Visa, MasterCard or COD 

Northeast Electronics, Inc. 

PO Box 3310 
N. Atlleboro, Ma. 02761 



coniinxied jrom page 50 



SCREWS 



NON-SUP 
mOS (4) 




RftHfi 

-RECBTRCII 
{3 PROffG) 

WIRE 
(Gn£Bf) 



FIG, 10— EXPLODED VIEW OF INRUSH-CURRENT llmiter circuit In enclosure. Note the 
comptetion of ground wltbln the case with a 3-wire power cord. 



Ihc conn pie ted circuit. PuU the 
three-wire cable through a 
grommet in the case sidewall as 
shown. Strip the jacket from 
the cable in the case, strip the 
end of the green ground wire, 
and connect it to the ground ter- 
minal of the three-prang recep- 
tacle. Solder one of the cables 
conductors to the PC board, as 
shown, and solder the other 
conductor to one terminal of the 
switch. 

Using short insulated lengths 
of the same cable conductor sol- 
der a connection from the 
switch to the other side of the 
PC board, as shown. Solder two 
more short lengths of conductor 
to the output pads on the PC 
board, and connect their other 



ends to the panel-mount recep- 
tacle. 

Fasten the circuit assembly in 
in the case with hold-down 
screws and close the coven Fas- 
ten the co\'er in position with 
the four screws included. The 
inrush-current limiter then be- 
comes a plug-in accessor\' and 
the host equipment need not be 
altered. The equipments power 
switch should be clamped in the 
"on-position so that power to 
the equipment is then applied 
with the limlters on-off toggle 
or rocker switch. 

Although the surge protector 
is in the circuit only for short 
time intervals, be sure that any 
protected equipment does not 
draw more than 2 amperes, R-E 
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HARDWARE HACKER 



Conventional currents, assorted wonderments, navigation and 
navicubes, FM Yagi antenna design, and two new piezo rate gyros. 



DON LANCASTER 



SO many exciting new hacker 
opportunities have come 
down this month that I do not 
even know wherB to start. We seem 
to be moving into a boundless new 
era of hardware hacking. 

Before we begin, though, there 
have been a few recent helpline calls 
over some really ancient history 
which we should go over one final 
time... 

Follow that ctirrent! 

Which way does the current travel 
in any electrical or electronic cir- 
cuit? Many years ago, one of the 
electrtcat pioneei^ ventured his witd 
guess that eiectrical currBnt ali^^/ays 
goes from the negative to the 
positive terminal in an energy 
source and from positive to nega- 
tive in an energy sink. 

It took over a century to verify, but 
the guess turned out to be correct- 
At least for certain solid-state cir- 
cuits. at least some of the time. 

To this day. this guess is called 
the conventional electrical current, 
afid appears in Fig. 1. Conventional 
current is the only standard taught 
in all university- and all graduate- 
level engineenng courses, is used 
by alt physicists, and is accepted by 
all large electn:inic firms worldwide. 

Conventional cument is shown in 
the direction of the arrows on all the 
standard electronic symbols. Even 
the IEEE tie clasp and cuff links 
strongly restates conventional cur* 
rent. So does the right-hand gener- 
ator rule and left-hand motor rule. 

Yeah, but just which way does the 
current neally go? Well, a glib an- 
swer for the new age nineties is 
**any way you want it to/" 

In semiconductor loads, the cur- 
rent direction is decided by the ma- 
jority caniers. In any PNP transistor 
or any P-channel MOSFET. con- 
duction is by hole carriers, and the 
current does in fact go in exactly the 
same direction as the conventional 



current. In N-type devices, the cur- 
rent is the opposite of the conven- 
tional current direction. 

So what is the problem? And why 
am I standing here whipping this 
long-dead horse? 

Way back during World War II, 
PNP vacuum tubes were very few 
and far between. Come to think of it, 
they still are. Because of that, the 
military introduced the concept of 
the electron current to explain how a 
vacuum tube works. And many 
trade schools and lower-level text- 
books continued the practice into 
the fifties and sixties. 

That led to the absurd result that 
a few hackers, technicians, and 
much of the hobby press had their 
currents heading in one way. while 
all of the engineers, physicists, and 
the rest of industry had their cur- 
rents heading in the exact opposite 
direction. 

The bottom liner If any individual 
or any textbook still tries to teach 
you electron current, they are rip- 
ping you off. They are also doing you 
a serious disservice that will lead 
you to untold confusion and latter 
day hassles, 

/Ve/f/rer electron nor conventional 
current is correct all of the time. The 
overwhelming majority of industry 
and professional-level training 
always goes with the conventional 
current. Among the other reasons, 
because there is no compelling rea- 
son not to. 



NEED HELP? 



Phone or write your Hardware 
Hacker questions directly to: 

Don Lancaster 

Synergetics 

Box 809 

Thatcher, AZ 85552 
(602) 428-4073 



Just what would it take to convert 
industry over to electron current? 
For openers, extremely frigid condi- 
tions in a distinctly unpleasant lo- 
cale. Or some words to that effect. 
Even then. I would not expect to see 
this happen until a few weeks after 
the Ayatolla's Bar Mitzvah. 

Navicube update 

Way back in a July 1988 
Hardware Hacker, we looked at the 
Navicube, a 3-inch. $10 cube that 
always knew where it was and which 
v^/ay it was pointed. Well, we still 
don*t have $10 Navicubes, although 
I do expect some Korean toy man- 
ufacturer or two kids in an Iowa 
basement to come up with a really 
good one shortly. 

A lot is happening with 
Navicubes. both evolutionary and 
revolutionary. An update summary 
of Navicube info appears as our re- 
source sidebar 

Today's popular approaches to 
the Navicubes include the GPS sat- 
ellite system, fluxgates. real gyros, 
laser gyros. accelenDmeters, and a 
pair of brand new piezo gyros. 

The GPS global positioning sys- 
tem is going great guns. Their eigh- 
teenth satellite is now in orbit, and 
Russ^an and ECC competing sys- 
tems are now being established. 
Receiver prices are in free fall, and 
the $50D barrier has recently been 
broken. 

GPS World is your foremost 
trade journal Its publisher also just g 
started up a new GPS World Show- 3 
case shopper. As before, the |- 
Joumal of the Institute of Navigation 2. 
is the finest Navicube technical re- 
source. 

Although Rockwell is still the 
most obvious source for the GPS 
chip sets. Hewlett Packard has just ^ 
developed a new single-chip GPS z 
front end. While it s too eariy for a 1 
part number several details nowap- 
pear in Microwaves & RF for August 77 



The conventional 
current travels from 
NEGATIVE to POSITIVE 
in any SOURCE. 



The convenlional 
current travels from 
POSITIVE to NEGATIVE 
in any LOAD. 
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FIG. I^ONVENTIONAL ELECTRIC CURRENT goes from negative to posilive in any 
energy source and from positive to negative in any energy sinlc This is f/?e standard 
used by all graduate engineers and pfiysicists, and in electronic symbols, and the 
Industry worldwide. It even appears on the JEEE cufflinks. 



1992. I expect cheap new GPS 
parts real soon now. from several 
obvious sources- 
North sensing tsbest dona using 
fluxgate magnetometers. Radio 
Shack has a cheap one in its car 
compass, and KVH sells expensive 
commerciaf units. We have seen 
several Fluxgate constnicUon proj- 
ects, and references to them in 
those Hardvy^fB Hacker II reprints. 
Naturally. ^^Y magneticr sensor gets 
confused by nearby iron. 
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NEW FROM 

DON LANCASTER 



HARDV^ARE HACKER STUFF 
H ardwA ro Hac ker Rep r I n ts II or I II 24. 50 
Midnight E ng I n r J ng R cpt I n t» I 50 
Retourto Qln Hepfints 12.50 
Incred ) b lo Sec rot Metnoy M acM n« 1 6 .SO 
CMOS Cookbook 24.50 
TTL Cookbook 24,60 
ActlV0 Flltor Cookbook 24.50 
Micro Cookbook vol I or II 19.50 

Laocaslor CliisvEcti library 119,50 

POSTSCRIPT STUFF 

Aak The Guru R^prLnlt I, II or III 24.50 

Laser Wrl ter Seorots (I le/Ma dPC ) 20.50 

PoalScrJpl Show £ Toll 39.50 

Intro to PostScript VHS Video 38.50 

pDfttScrJpl Ocglnrver Stuff 39.50 

PostScript Cookbook (Adobe) 1 6,50 

Po&tScrlpt Rer. Manual Tl (Adobe) 20.50 
PostScript Progfam Ofislgn (Adobo) 22.50 

Typo t Font Formal (Adobe) 15.50 

LasoiWrjtor Reference (Applo) 10,50 

R^al Wortd Posiscflpt (Rotb) 22.50 
Posts Cf ip t Vl3 u a I A pp roac h (S m lib) 22.50 

Thinking In PostScript (Reld) 22^50 

Undi! PS Pgrmmg (Roltzgang) 29.50 
Tlie Wha\o Vitirkt (all PotlScrlpt) 349.50 

B00K>0n*DEMAM0 STUFF 
Book-on-demiind resoyrce ktl 39^50 
GEnle PSRT sampler (lle/Mpc/PC) 39.50 

FREE VOICE HELPLINE VISA/HC 



SYNERGETICS 

Box 809-RE 
Thatcher, AZ 85552 
(602) 428-4073 
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Many hackers stifl fabor under the 
delusion that Hall-effect devices 
can be used as compasses. Well, 
possibly they can. but fluxgates are 
thousands of times more sensitive. 

One exception is the very low 
cost Dmsmore magnetic compass 
sensor Sadly, its best possible ac- 
curacy is a crude 22.5 degrees. 

Solid-state accelerometers con* 
tinue to drop in price, spurred on by 
newer automotive uses, especially 
airbags. While Motorola and Micro 
Switch are the largest suppliers, the 
better priced and more innovative 
sensors are now provided by 
Analog Devices, SenSym. fC Sen- 
sors, and NovaSensor 

Your two best accelerometer 
trade joumals are Measurement i. 
Control and Sensors. 

Note that you could integrate 
(sum through time) any acceleration 
to get velocity, and then Integrate 
velocity to get the position. There is 
one huge technical hassle wilh ac- 
celerometers, though — it s called 
the "t-squared" problem. Any bias 
or similar error in acceleration ulti- 
mately piles up as a position error 
that is proportional to time squared. 

That means if you wait around 
long enough for your position, it is 
certain to be wrong. Acceler- 
ometers work best for short-term 
uses, when they can be repeatedly 
recalibrated or reset from some 
other standard every now and then. 

Oassic navigation is usually done 
by using mechanical gyros. They are 
nothing but rapidly spinning mass- 
es, comparable to a toy gyroscope. 
Th^ can be costJy. cumbersome, 
and often involve precision ele- 
ments rotating at very high speeds. 
Gyros are available as surplus from 



Fair Radio Sales, Radio Research 
Instruments, and AST Servo Sys- 
ferns. One current manufacturer is 
HumphrBy Products. 

Yes. there are laser gyroscopes, 
A coil of fiber-optic cable has co- 
herent laser light beams routed 
through it in opposite directions 
which then can be phase companed. 
But not much seems to be happen- 
ing here to drop the costs by the 
1000:1 needed to make them a 
practical hacker tool. Good informa- 
tion on laser gyroscopes is available 
from the IEEE Press and hum SP/E 

But our neafly big Navicube gyro 
news for this month involves a pair 
of brand new... 

Solid-state rate gyros 

A rate gyro is a special gyroscope 
that can tell you how fast you are 
turning. By integrating your rate of 
turn, you can get your direction. By 
combining that with some sepa- 
rately measured velocity, you can 
find your present position. And 
there will be no t-squarBd problem, 
since no double Integration is in- 
volved. 

Traditional rate gyros are available 
from the sources of regular gyros 
we just looked at. A hackable and a 
low-cost fluidic rate gyro was made 
a few years back by Doug Garner at 
NASA, It used an airstream differen- 
tial cooling a pair of thenmistors. But 
not too much seems to have come 
of that approach either. 

A pair of new solid-state rate 
gyros are now available. At least one 
of them promises to end up as a $5 
component. Because they both use 
vibrating piezo structures, it is not 
quite correct to say that they have 
no moving parts. But they certainly 
are simple and rugged single^piece 
units with no rotating parts or praci* 
sion mechanisms. 

The first unrt is the GyruChip by 
Systron Donnen shown in Fig. 2*a. 
This is a pair of back-to-back tuning 
forks machined from a single piece 
of silicon. The phase of the output 
signal it determtned by the Conolis 
force caused by turning. 

The second piezo gyro is that 
new Cyrostar by Murata-Erie, 
shown in Fig. 2-6. This is just a tri- 
angular piezo oscillator. The Coriolis 
force of rotation again changes the 
phase of the output signal in pnopor- 



-I 



(7^ 



H DRJVER 



(side view) 
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(A) The Systron-Oonner GyroChlp is based on two coupled 
tunmg forks. The Coriolis force frorn afiy rolation around 
thf vertical axis changes lh@ phase arid amplitude of the 
syrtchronausly demodulated output signal. 
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OUTPUT 




RIGHT 
OUTPUT 



(top view] 
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(8) The Mgrata-Erie GyroStar is based on carefully controlled 
vibration modes in a triangular piezo element Any relative 
clockwise or countefclockwise rotation changes the phase 
and amplitude oi the output signals. 



RG. 2— NEW DEVELOPMENTS IN PIEZO RATE GYROS should eventiiaNy lead to low 
cost Navicube solutions. A rate gyro tells you how fast you are now turning. Integrat- 
ing the turn rate (summing through time) gives the present direction. 



tion to the rotation rate. This new 
scheme looks ridiculously simpler 
and vastly more elegant than the 
GymChip design. 

While both of those breakthrough 
devices have the potential to be* 
come low-cost parts, samples to* 
day cost $300 for Murata's 
GyroStan and a ludicrous $2000 for 
the GyroChip. Their support liter 
ature so far is also utterly dismal. 
But a new $5 Hong Kong knockoff 
is just about certain to beconne 
quickly available. 

Assorted wonderments 

Continuing this month's stunning 
new developments, here is a double 
handful of great new stuff... 
• Image Striking — Be sure to 
check out Motion Imaging Pivcess- 
ing: Striking fbssibifities tn the Au- 
gust 1992 issue of Advanced 
Imaging. What we apparently have 
here is a unique new concept and 
toolset for video, movie, and multi* 
media editing. 

Put one frame of a small image in 



the upper left of your monitor 
screen. Next, move down one pixel 
and one pixel to the right, and then 
repeat the process for the next 
frame in the sequence. Continue 
until you have a diagonal smirp on 
down your screen, ending with a 
final full small image. While you are 
at It. show your sound amplitude for 
each frame along the top diagonal 
of the smirp. 

What do you have? In one place 
and at one time, a display that lets 
you view the temporal content of a 
time sequence of multimedia or 
other video. In short, you can in- 
stantly look forward or backward 
through time, seeing the rela- 
tionship between your current 
frame, its recent history, and its 
near future! 

Looking at this "striking" con- 
cept in a slightly different way, say 
you had a few feet of movie film. Cut 
the individual images apart so they 
have no borders. Stack them up and 
look sideways at their top and left 
edges. Once again, in one place and 



at one time, you can see what has 
happened and what is going to hap- 
pen. An instant and real-time plot of 
images versus time. 

Naturally, the edges will only 
show you wildly abstract colors or 
patterns. But. with practice, those 
patterns can easily be read for the 
scene, camera angle, panning, du- 
ration, sound sync, and much mone. 

A non-obvious application: 
Quickly finding a buried sequence in 
a humongous video data base. It is 
sort of the video equivalent to that 
ISAM, or indexed sequentiaf ac- 
cess method long used in data 
bases. 

The editing, tweentng. scanning, 
high-speed access, and all the visu- 
al flow possibilities of this new 
scheme seem boundless. 

• Wavelets — The onslaught con- 
tinues. A second book is now avail- 
able and titled Ten Lectures on 
Wavelets by Ingrid Daubechies and 
published by SIAM, shorthand for 
the Society for Industrial and Ap- 
plied Mathematics. While it s a first- 
rate text, this is a v^ry advanced 
math book that makes for rough 
reading by mere mortals. 

A brief stoiy on optical wavelet 
uses appears in the August 1992 
issue of Photonics Spectra. All 
those optics folks sure do have it 
easy. They just dump a pile of cnDck- 
ery on the table, squirt some light 
through it, and they get instant real- 
time 2-dimensional FQunarnrws^e- 
let transforms. None of the old 
point-by-point computation non- 
sense for them. 

An entire issue on optical wavelet 
transforms appears as the Sep- 
tember 1992 issue of Optical Engi- 
neering. I have added #494 
EMERG0P2.PS and #456 WAVE- 
LETS. PS to GEnie PSRT to go 
along with all the rest of our wavelet 
downloads. A complete list appears 
in Fig. 3. 

• Multilayer PC breakthrough — I 
am stilt looking for a hacker solution 
that makes printed-circuit plated - 
through holes cheaply possible at 
home. Or some workaround that 
flat out does away with the need for 
through holes^ 

A major step in this direction has 
been taken by Sheldahl. whose new 
special adhesive lets you build ultra 
expensive multilayer boards out of 



NAMES AND NUMBERS 



the cheaper double-sided ones. 
Sadly, you still need some plate- 
throughs- 

JheirZlmk 1900 is basically a new 
adhesive that conducts only in its 
thickness direction. Just take a pair 
of double-sided boards and selec- 
tivety apply the adhesive to one of 
them. You then add heat and pres- 
sure to bond the pair together. You 
can end up with either a three- or a 
four- layer board at a tiny fraction of 
the going price. And. yes, you can 
do six layers, eight layers, or as 
many as you want. You can even 
have buried plated-through holes! 
Far simpler, cheapen and with a 
much lower scrap rate than before- 

Carefully isolated solder particEes 
make the adhesfve conduct in only 
one direction with conductivity 
about the same as real multilayer 
conductors. 

A small free sample is available 
from Sheldahl on request. 
• BuckybalEs— The price of Bucky- 
balls continues to drop dramatically, 
and they afB now hacker-affordable. 
The leading supplier remains MER 
Inc., and their pricing starts as low 
as S5.50 a gram raw. and $90 per 
gram fully refined. Minimum order is 
$50. 

Meanwhile, a fourth carbon form 
has been discovered that is called 
the Buckytube. hollow cylindrical 
pipes of carbon that have both the 
hardness of diamond and the sur- 
face area of graphite. Possible new 
uses include their use as lubricants, 
and unique materials that conduct 
heavily in only one direction. Check 
out the August 17 issue of E£ 
Times for a summary update. 

More on FM antennas 

Last month, we checked into the 
fundamentals of distant FM recep- 
tion. We ha^ve had some requests 
for still more information, so here 
goes,,. 

The noise situation at 100 MHz is 
a tad further complicated than I first 
made out. If you do have any remote 
rural site, then your first-stage KTB 
thermal agitation noise does, in 
fact, dominate. And the best noise 
figure you can get is super impor- 
tant. 

Atmospheric noise is negligible at 
FM frequencies. Galactic noise 
runs ten decibels or so above KTB, 
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around 100 MHz. But you do not 
normally point an FM antenna 
straight up on a clear day. so this is 
also no problem. The potential killer 
is the manmade noise, which can be 
25 decfbets above KTB in suburban 
locations, and 40 decibels or more 
in urban locations. Nearby dimmere 
or confiputers could also induce 
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those noise levels. 

Most of the manmade noise 
comes from car ignitions. It sure 
would be intenestrng to watch the 
FCC try to enforce the same Part 1 5 
rules and regulations on Detroit iron 
that they do on Hardware Hackers. 
Talk about potential noise level sf 
The howl over this would probably 
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be unbearable. 

At any rate, you 11 still want to get 
the best first-stage noise figure you 
can. But it might not help you out 
too much if your external noise is 
much stronger than KTB. On the 
other hand, a slight increase in an- 
tenna gam can make a dramatic im- 
pn]fvement in your FM reception. 

That happens because of a Itm- 
iter's capture effect For instance, if 
you've got a noisy FM signal, an 
increase of only two decibels in an- 
tenna gain or S/N ratio can make up 
to a seven or e/g/)f decibel imprwe- 
ment in receiver quieting, 

I've found several interesting FM 
antennas. The Radio Shack 15-1636 
IS cheap at $17 and easy to find. 
And it does a good job in near fringe 
areas. But it is just plain too small. It 
measures only four feet by five feet, 
while a no-compromise Yagi solu- 
tion will measure five by thirteen. 

Radio Shack used the broadband 
co^linear array, rather than a Yagt 



design. Then, to save on the matert- 
ais and size, they apparently de- 
signed it up at 120 megahertz or so 
and hoped there was still some gain 
down in the FM band. Almost al- 
ways, a broadband antenna has 
lower gain than one cut for a single 
station. From their point of view, this 
IS a useful engineering mix that 
gives you a small and cheap solution 
which meets the needs of a majority 
of their customers. Their gain is 6 A 
dB over a dipole. 

The most rugged "real" FM DX 
antenna ts the Cushcraft Y-FM5. 
This is available by way of Anixten 
the leading cable TV distributor 
chain. The gain is 9.5 decibels over 
a dipole, and the cost is around $70. 
Size is 59 by 104 inches. 

Another interesting antenna is 
the ChanrrefMaster 4408 with a 9- 
decibet gain in a 138-inch boom 
length. The price seems high at 
$104. 

The highest-gain stock antenna I 
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have found is the Winegard 
CA-6065; it has a whopping 10.6 
decibels of gain on a 127-inch boom 
and costs around $78. This appears 
to be the best choice. 

Be sure to remember that raising 
your antenna height is usually the 
best way to improve the signal -to- 
noise ratio in typical locations. The 
closer to line of sight you can get, 
the better the results. 

But I live in a pecan grove. Nuts, 
My trees glop over everything, most 
espectally antennas. So some in- 
door solution seemed better for me. 
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What about building your own sin- 
gle-station FM antenna? In theory, 
you could pick up another decibel or 
two of S/N and as much as 8-1 0 dB 
of quieting over full-band commer- 
clal designs. Especially if you are 
extra careful in tuning and matching- 
And if you have a high loft in your 
living room or a wire- and metal-free 
attic crawl space, an indoor design 
can be much cheaper than a mast- 
mounted outdoor one — with fewer 
hassles. And a Yagi fs just a bunch 
of free-floating conductors sitting in 
magic positions: a wood frame and 
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gronnnieted screw eyes can be used 
for support. 

First, note that there are two 
styles of driver elements to a Vagi 
antenna. As Ftg. 4 shows , if you use 
a half -wave length dipole hairpin 
loop, the terminal impedance 
should end up near a balanced 300 
ohms. 

If you use a pair of straight wires 
of half-wavelength total spacing, 
then your terminal impedance 
should be a balanced 75 ohms. 
Note that normal 75-ohm coaxial 
cable is unbalanced; you will need a 



balin or a 1 :1 transformer to go from 
balanced to unbalanced. 

Note that driver impedances in- 
side an antenna array usually end up 
lower than those values. They also 
must be carefully matched for best 
results. 

The bottom line: use a hairpin 
loop for 300 ohms balanced or the 
pair of quarter-wave wires when you 
want 75 ohms balanced. Either way, 
a final matching will still be needed. 

A six-element narrowband Yagi 
cut for 100 megahertz is shown in 
Fig. 5. Use quite thin but rigid con- 
ductors for the best narrowband 
gain. Something like bare 12 AWG 
solid copper house wire might be a 
good choice. To cut the antenna to 
your desired station, divide the fre- 
quency in megahertz by 100, and 
then divide a\\ sizes by the resultant 
number. For instance, to pick up 
KDKB at 93.3 MHz, all element 
lengths and all spacings will get di- 
vided by 0,933, Note the inverse 
relationship: stations under 100 
MHz need slightly larger antenna 
designs- 

The directors should point to- 
wards your chosen station. Use a 
map for starters, and then try rotat- 
ing a tad either way. Yourbeamwidth 
should be around thirty degrees, so 
pointing in just the right direction is 
super important. 

Additional directors can, in theory 
be added, in a size progression. But 
all you gain is something like half a 
decibel per director, and the size 
does get out of hand real quick. And 
a careful match, orfindinga focal hot 
spotn or a tad extra height can often 
get you much more signal. 

The theory behind a Yagi anten- 
na? The optimum spacing is usually 
0.2 wavelengths. The driver should 
be half a wavelength wide. The re- 
flector should be around five per- 
cent longen white the initial director 
should be five percent shorter. The 
rest of the directors should be pro- 
gressively six, seven and. eight.,, 
percent shorter. 

More on Yagi antennas appears 
in two ARRL publications, the 
Antenna Handbook and Yagi Anten- 
na Design. Also see NBS technical 
note No. 688. 

Close matching of an antenna to 
its transmission line is essential for 
the best gain. The simplest method 
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This proven course is easy, fast and low 
cost! GUARANTEED PASS— You get your 
FCC License or money refunded. Sond for 
FREE facts now. MAIL COUPON TODAY! 

^ aDmmd n D VRODucilonr " 1 

FCC L!CEr^S£ TRAINtNG. Dept. 90 i 
P.O. Box 2824, San Frandsco, CA 94126 
Please njsh FREE details immedlatelyf 
HAtAE ^ 
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"SUPER 12 HOUR RECORDER 
CALL TOLL FREE 



Modified Panasonic Slimline, 

6 hrs per side 

120 TDK tape furnished. 

AC/DC Operation. 

Quality Playback. 

Digital Counter. 

Durable Lightweight Plastic. 




$119,00* 



PHONE RECORDING ADAPTER 



Starts & Stops Recorder 
Automatically When 
Hand Set Is Used, 
Solid State] 
FCC Approved 



VOX VOICE ACTIVATED CONTROL 




$28.50* 



Soltdslate Adjustable 
Sensitivity, Voices 8i 
Sounds Activate Recorder 
Adjustable Sensitivity 
Provisions for Remote 
Mike 




$28.50* 



* Add for ship. & handling. Phone Adapter & Vox 
$2.00 each, Recorders $5.00 each, Gob. Res add 
lax. MailOrder,VISA,M/C. COD'S OK. Money Back 
Guar. Qty Dfsc, available. Dealer inquiries invited. 
Free data on other products. 

AMC SALES INC. 1 93 Vaquero Dr. 
Boulder. CO. 80303 
Phones (303) 499-5405 1-800-926-2488 

FAX (303) 494-4924 . 
Mon-Fri 8-5 MTN, TIME ^ 

CIRCLE lOa ON FREE INFORMATION CARD 
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(A) An ordinafy dipole has an Impedance of a balanced 75 
ohms resistive just below its resonance. But any thick 
conductors or nearby elaments lower Ihis resisiance or 
add some unwanted series reactance. 



(B) Foiding a dipole into a hairpin loop w\\\ raise Its input 
impedance by four times. The impedance just below 
half of a v^avelength is a balanced 300 ohms resistive. 
Careful tuning is needed in the real world. 



FtG. 4 — FOLDING A OlFOLE can raise its resonant Impedance by a factor of four 



All dimensions are shown in deGimal inches. The 
antenna is shown top view, and assumes the station fs 
horizontally polarized. 

To cot your antenna for a specific station, divide the 
station frequency by 100 and then divide all sizes 
shown below by the same value. 

For Instance, a 93.3 hAhz station needs all the values 
divided by 0.93a A 104.5 f^hz station needs all of the 
values divided by 1 .045. 
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FIG. 5— AN INDOOR SINGLE-STATION long-distance FM antenna can be built using 
nothing but bare 12 AWG house wire. Here is one possible design. Note that the 
antenna size should be "cut"' for yaur favorite station. Values shown assume an 
insulated boom or other supports. All elements must be very straight, rigid, parallel, 
and precisely centered. Contact a focal radio ham for help in matching. 



is called a gBmma match, and it is 
done by just spreading the ends of a 
300'Ohm twinlead to tap nnaximunn 



sfgnal strength. Better methods ap- 
pear in the books mentioned. 
!t would be real interesting to 



route both of your dipole rods 
straight into a VHF differential am- 
plifier. Such an antennafier can 
greatly simplify tuning and match- 
ing. But a lot of black magic could be 
involved, so be sure to experiment. 

Let me know all your experiences 
with any homemade ultra-range FM 
antenna designs. I'll try to publish 
the best of them. 

New tech lit 

A green 1991 Product Handbook 
from MX-Comm. This little-known 
semiconductor house offers all 
sorts of exciting hacker chips, es- 
pecially those involved with tone 
signalling, speech scrambling, cel- 
lular phones, and pagers. One real 
sleeper: fvtX-Comm's MX009 octal 
digital gain-controlled amplifier ar- 
ray. Lots of application-notes are 
also mcluded. 

Free engineering samples of its 
new41VHS-1 humidity sensor have 
been offered on professional re- 
quest from Victory Engineering. 

Heafifand America is yet another 
Distressed Yuppy Surplus direct- 
mail outfit. It has all varieties of high- 
tech goodies. Its latest new catalog 
does offer the first laser pointers 
that I have seen selling for less than 
$100. 

RePtay and Play Meter are the 
two leading trade journals for the 
coin-operated video-game industry. 
While they mostly concentrate on 
the buying and selling of games and 
supply products, there are occa- 
sional technical articles plus repair 
books and videos. 

If you are interested in starting up 
yourown tech venture, be certain to 
check into my at long last available 
Incredible Secret Money Machine II, 
We have also begun shipping the 
latest Hardware Hacker 11} reprints 
with their newest updates. See my 
nearby Synergetics ad for more de- 
tails. 

A reminder here that lots of great 
technical downloads are available 
on GEnie PSRT. 

As usual, we've gathered many of 
the resources mentioned together 
into either the Names & Numbers or 
the Navicube Resources sidebars. 
Do be sure to check these out 
before you use our no-charge tech 
helpline or call for a free hacker se- 
crets brochune. H-E 



GLITTER GLOBE 



continued Jrom page 40 




ma. 1(K-fiOTH SIDES OF THE CONTROL BOARD am shown with only level 1 attached 
(top and middle), and levels 1-4 have been added In the bottom photo. 



After testing the controller 
board, assemble the five boards 
of the first leveL (A **V' Is etched 
on each of them,) Assemble the 
leveM boards into a ring shape 
using resistors R14r-R18, which 
should already be bent to the 
proper length — V2 or % inches 
(see Fig. 7). Creating the top 
ring in that manner will set the 
proper spacing for the rest of 
the globe. Leave the top hole on 
each level- 1 board open ( the hole 



farthest from the number 
etched on the inside surface), 
for connecting level 1 to the 
globe*s control board. 

Figure 7 is a "component 
map/* showing levels 1— 4» and 
how they connect together All 
connections marked '*J" are 
zero-ohm jumpers; all connec- 
tions showing a resistor symbol 
must be 680 ohms, and all un- 
marked connections are struc* 
tural components and can be 



made from anything you like 
(the kit includes additional 
680-ohm resistors for use in 
these locations). Connect the 
level-l ring to the control board 
as shouTi in Fig. 8: if you are 
using %-inch spacing, level 1 
mounts as sho^na in Fig. 8-a; 
for y2-Inch spacing, level 1 
mounts as shown in Fig. 8-b. To 
connect level L install five 1- 
inch leads rising vertically from 
the control board. Then bend 
them to fit the levei-l ring as 
shown in Fig. 8, 

Next add the level-2 boards. 
Each level-2 board connects to 
level 1 with one resistor 
(R19-R23) and one zero-ohm 
jumper. Solder tJie resistor and 
jumper to each level-2 board 
first, and then attach them to 
level 1, While building the globe, 
you 11 begin to notice patterns. 
For example, after level 2 is com- 
plete each new board (except for 
level 7) connects to the previous 
level with two resistors (one 
structural only), and one zero- 
ohm jumper 

Figure 9 shows the rest of the 
globe (levels 5-71 Note that 
Figs. 7 and 9 both show the out- 
side surface of the globe. The 
letters surrounding each half of 
the globe in Figs. 7 and 9 indi- 
cate the connections between 
the two halves. Install each level 
in order from 1 to 7 (even 
though we have shown the 
globe in two halves). 

Layer 2 is composed of five- 
point boards, so. to make a 
sphere, keep the lead spacing of 
the resistors and jumpers at- 
tached to all Iayer-2 boards at ¥e 
inch. It's a good Idea to plug in 
the globe auer each layer is in- 
stalled to make sure all LEDs 
are working. lt*s best to repair 
errors early before they become 
difficult to correct. Continue 
adding each layer and testing 
the globe until its finished. Fig- 
ure 10 shows a globe in different 
stages of construction. 

\Vhen complete, the Glitter 
Gbbe forms a surprisingly stur- 
dy structure, and you can hold 
it while it's operating. If the 
globe is dropped or crushed, it 
is a simple matter to bend it 
back Into shape. With reason- 
able care, it will last for decades 
to come. R-E 




SPIRIT is 
your complete headquarters for 
surviving the holidays! Whether 
yati need tips on the latest tech- 
nology in sound systems, televi- 
sions or video games. Holiday 
Spirit will provide the latest in^ 
formation on electronic technol- 
ogy that will be Just in time for 




the holiday season. 

Hosted By Spencer Chris- 
tian, American V favorite weath- 
erman. Holiday Spirit is a series 
of three, one hour television spe- 
cials that guide Americans 
through their favorite holidays: 
Thanksgiving, Christmas- 
Han ukkah and New Years. 




Innovative electronic tech- 
nologies are thriving in the 90 jr. 
An array of new technologies are 
unveiled every holiday season^ 
increasing comumer confimon 
on how to choose the latest elec- 
tronic gifis. 

Holiday Spirit will look at 
the latest gifts; including 
Metrosound's Malibu 100 Car 




Audio Amplifier for your older 
teenagers a?td Royal Appliance s 
Dirt Devil for mom. for those 
looking fir high fidelity, Holi- 
day Spirit will profile the Bose 
Lifestyle Music System for lis- 
tening to Christmas carols and 
will showcase Hitachi j 
Ultravision Big Screen Televi- 




sion for watching the New Years 
bowl games like never before. 

Holiday Spirit hm valuable 
tips and infinnation fir every- 
one. For the youngsters in the 
family, Sumofi's RoadRunner's 
Death Valley Ralley will be the 
latest Nintendo game to fill their 
stockings. For music lovers who 



sctoiiics Center 




\ 



demand acatrau and natural 
music reproduction. Holiday 
Spirit will feature Ohm Walsh 
5 Loud Speakers for full room 
stereo sound. 

Need a gifi for the handy- 
man or professional tradesman? 
Snap-On Took Racketing Screw- 
drivers are fast, easy to use, and 
are economically sound. Travel- 




ing? Holiday Inn will give you a 
comfortable, affordable place to 
stay with the family 

Last year, you thought you 
had enough time to shop, you 
thought you bought the right 
brands, you thought you called 
every relative. This year, if you 
think you can 't get everything 




finished in time. Holiday Spirit 
will show you how to have 
"Happy Holidays" with time- 




saving tips andpfi recommen- 
dations^ 

Check your local TV 
guide for times and dates. 
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A Brookstone Production 
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Let's get back to our SSAVI descrambler. 
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I efore we get into the nitty 
I gritty of the SSAVI system, I 
have to take a few lines to 
make a few things clear. I've 
touched on thenr^ before, but it's im- 
portant to repeat them. All we've 
gone into so far is gated sync sup- 
pression, which can be considered 
pretty unsophisticated these days. 

The SSAVI system isn*t the last 
word in scrambling but its reason- 
ably recent and it, or some vanatton 
of it. will be the scrambling system 
of choice for some time to come- 
That is true even if you consider only 
the economic side of changing 
scrambling methods. ' 

I have no doubt that many cable 
companies use this scrambling 
technique, or at least something 
very similar. If that s true in your 
area, it would be a good idea to do 
some experimenting with the actual 
signal— hands-on experience is al- 
ways the best. What you'll probably 
find out in the real world is that the 
system used in your area isn't an 
exact match for the one we' I! be 
taking apart. The general principles 
might be the same, but the par* 
ticular details will undoubtedly vary. 
When the SSAVI system first 
started, there werB some constants 
in the video signal that could be 
used to descramble it. Remember 
that the picture can be messed up in 
any one of three ways (see Oc- 
tober's column for the details), and 
the instructions for the descrambler 
are transmitted somewhere in the 
vertical interval. The word "some- 
where" is a late addition to the 
SSAVI system. When it first start- 
ed, the descrambling information 
was always on the same line. Thats 
where well start. 

Once upon a time, the sanctity of 
the vertical interval was closely 
guarded by the FCC. but as alter- 
natives to standard broadcast TV 



became more popular (cable, satel- 
lite, etc), more and more junk start- 
ed to show up there. 

When the SSAVI system started, 
lines 0 to 9 were left alone by a 
request of the FCC, but lines 10 to 
13 were where the cable companies 
transmitted individual subscriber 
codes. Don't forget that there are 
unique ID numbers stored in an 
EPROM Cor some other kind of 
memory) in the cable box. There s 
also logic circuits there to count the 
video lines, read the transmitted 
code, and match it up against the 
one stored in the box. This is a big 
thing for the cable companies be- 
cause it prevents a New York box 
from being used in Califomia. The 
scrambling is the same, but the 
codes are completely different. 

The decoder circuitry is also con- 
trailed by this coding process be- 
cause a match between the 



transmitted bytes and the ones 
stored in the box will enable or dis* 
able the decoder. That is true for 
both the premium cable services 
and the pay-per-view events. 

That kind of coding might be im- 
portant to the cable companies, but 
tt doesn't mean anything to us. We 
can build an experimental de- 
scrambler without paying any atten- 
tion to them. 

Since the video can be transmit- 
ted with either normal or inverted 
pictune information, one of the tasks 
that has to be done by the de- 
scrambler is to tell the nest of the 
circuit what has been done to the 
pictuie. The place to find that infor- 
mation was originally in line 20, but it 
has been moved around since the 
system became popular. As you can 
see in Fig. 1 . the last half of the line 
will tell you whether the picture is 
normal or inverted. Remember that 
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FIG. 1— THE LAST HALF OF THE UNE OF VIDEO wilt tell you whether the picture Is 
normaJ or inverted. We're talking about the picture part of the Une only. 
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RG. 2—THrS OmCUIT WILL MAKE SURE th@ picture Is always present at the output fn 
a non-inverted state, and that it has horizontal sync pulses present at the right level 
and the right position. 



we'fB talking about the picture part 
of the line only, and not the control 
section. 

If the following fiefd is normaL the 
last half of the line will be black, and 
if the picture ts normal, the whole 
line is white. One of the things a 
decoder needs, therefore, is some 
way to delect the line and store the 
data it contains. The stored data is 
then used as a switch by the circuit 
to route the video thnDugh an inver* 
ter if the picture is being transmitted 
upside down. 

This is pretty straightforward 
stuff. Since we're looking at only 
one piece of information, all we 
need is a place to store one bit of 
information. Your basic piece of 
cake. The circuitry needed to detect 
the data, however, is a bit more 
complex. We need a reference in 
the signal. So establish a zero point 
for a line counter and some count- 
ing circuitry to keep track of which 
line is being received. 

You might be wondering what we 
can count if the signal is being 
scrannbled. But remember, that in 
the vertical interval Cthe first 26 lines 
of video), the signal is being sent in 
the clear 

Now that we have an appnoach to 
handling the possibility of an inverted 
picture, the last problem to tackle is 
the one of varying horizontal sync 
pulses. Sometimes theyVe there, 
sometimes they're absent, and 
sometimes they're not at the proper 
level. Anything that unstable is a 
pretty poor choice for a reference 
signal. So. to avoid a mammoth cir- 
cuit design pn^blem. the best way to 
deal with it is to scrap the transmit- 
ted horizontal sync (even when it s 
there), and come up with a way to 
generate the signal ourselves. 

That can also seem to be an insur- 
mountable pnDblem but. just as in 
the case of the inverted picture, the 
answer is going to be found in the 
verticaJ interval. Once again, re- 
member that the first 26 lines of 
video are sent in the clear and. even 
during the rest of the video frame, 
Cno matter what s going on with the 
picture), the horizontal sync pulse is 
never inverted. It might be weak or 
missing entirety, but it's never up- 
side down. That's important to keep 
in mind because if we generate our 
own horizontal sync, we don't want 



an upside down, positive-going 
sync signal present. If that was the 
case, the two sync signals would 
add together and cancel, which is 
not a good thing. 

We've talked about how to re- 
generate sync when the signal 
being received is unreliable. If you 
don't remember it or haven't read it. 
go back to Octobers column and 
r^ew it. Basically, the approach is 
to take the horizontal pulses sent in 
the clear during the vertical interval 
and use them as the reference for a 
phase-locked loop that will supply 
the missing pulses during the rest of 
the video frame. If you've got twenty 
or so reliable pulses per frame, you 
can accurately generate the miss- 
ing two hundred and forty or so for 
the rest of the frame. 

The block diagram of the circuit 
we need is shown in Fig. 2. In a 
nutshell, the job of the circuit is to 
make sure the picture is always 
present at the output in a non-inver- 
ted state, and that it has horizontal 
sync pulses present at the right 
level and the right position. 

The scrambled video is fed to an 
op-amp and the output is sent to a 
sync separator — the same basic cir- 
cuit that s found in every TV set in 
the universe. The sync pulses drive 
a phase-locked loop whose output 
is decoded to provide the missing 
sync pulses for the video lines out- 
side the vertical interval (where 
most of the interesting stuff is 
found). These generated sync 
pulses are mixed with the incoming 



video and then sent, through a 
gated inverter to the back of your 
TV set. 

The gated inverter is controlled 
by a signal that tells it whether or 
not the picture portion of the video 
is upside down. The contnof signal is 
derived by watching the state of line 
20. as we discussed before. 

All this sounds incredibly compli- 
cated but, if you look over the block 
diagram, you'll see that it's just a 
collection of gates and counters — 
the same sort of stuff we*ve been 
messing around with for years. 

The only box in the diagram I 
haven*t explained is the reset circuit 
for the counter. I'll explain that in the 
next column but you should be able 
to figure out for yourself exactly 
what it is. If you get it right, you've 
got a good handle on the subject of 
video in general and scrambling in 
particular If you can't figure it oirt, 
spend the next month getting ready 
by boning up on the essentials of 
basic video theory. fl*£ 
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you need to operate and 
troublti^hoot mtxlcri: RF equip- 
mertt. 352 pp.. 150 ilius. 




2962P 

This complete EPROM instruc- 
tion manual provides a detailed 
explanation of underlying 
theor>', plus 15 differcnl pro- 
jects, including programmers, 
erasers, and EPROM -based 
circuits. 240 pp. Softcmer 



INTRODUCTIOH TO 
MlCROELECTROHlCu 
DEVICES 




S%S16UXX %StM 
Get clear^ straightforward 
coverage of all principles 
underlying the operation and 
analysis of state-of-the-art 
circuits— along with a lot of 
examples^ problems, and 
illustrations. 434 pp.^ Illustrated 
Counis as 2 




049530 $44.95 
Keep the lines clean and fault- 
Free with this organized 
approach to power systems 
analysis. You'll apply theoretical 
concepts to the solution of every- 
day power systems problems 
with the help of this book. 
288 pp., 150 illus. 



ELECTRONIC 
TOMMUNICATIONS 




33(55P $24.95 
Both a professional reference 
and a study guide for the aspir- 
ing technician, this is a well- 
illustrated introduction to 
modern eommunicaiions. Use it 
to prepare for your FCC General 
Radiotelephone Operator Lic- 
ense or GET exam, 
704 pp. Sojicover 




050505^XX S54.9S 

This book emphasizes circuit, 
transformer, end magnetics 
design. Provides worked -out 
examples of transformers, cur- 
rents, power levels, and more, 
550 pp., 250 illus. Counts as 2 




9290-XX $36.00 
This book provides ihc practical 
approaches and innovative, easy- 
to-perform troubleshooting 
techniques you need to pinpoint 
symptoms and effectively 
evaluate the cause of electronic 
malfunctions, 3iS pp., Ulus, 
Counts as 2 



Your source for quality, 
affordable and timely authoritative 
engineering books. 



As a member of the 
Electronics Engineers* 
Book CIub^'\ , . 

. . . you'll enjoy receiving Club bulletins every 3-4 
, weekii containing exciting offers on the ktesi books 
in the field ai savings of up to 50% off of regular 
publishers' pria^s. If you want the Main Selection do 
nothing and it will be shipped automatically. If you 
want another book, or no book at all^ simply return 
the reply fomi to us by the date specified. You'll have 
at least 10 days lo decide. And you'll be eligible for 
FREE books through the NEW Bom^^ Book Program. 
Yotir only obligation is to purchase 3 more books 
during the next 2 years, after which you may cancel 
your membership at any time, m^nc 
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number in utie bDi tad XKX in ilw next 2 \stx!tt&. 

If card is missing, write m: 
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AUDIO UPDATE 



It's a matter of hear today, gone tomorrow 



LARRY KLEIN 



It's an unhappy paradox that at a 
time when music reproduction is 
approaching perfection, there is 
widespread failure in the music lis- 
tenet's abiJity to hear it fully. Four 
years ago I wrote in this column 
about the audiometric hearing tests 
given by the Audio Engineering So- 
ciety at their 1 986 Los Angeles con- 
vention. The more'than-200 AES 
members tested showed small but 
consistent hearing losses that ex- 
ceeded those expected from the 
normal aging process. A wide varia- 
tion of hearing thresholds was mea- 
sured in the sensitive 3- to G-kHz 
range with more than 10% of the 
respondents showing significant 
hearing loss at 4 kHz. 

It's a sure bet that things have not 
improved any in the last six or seven 
years. In fact, from what I hear, the 
quantity and level of ear-damaging 
environmental sounds have esca- 
lated beyond reason. Under en- 
vironmental sounds. I include 
everything from power mowers and 
blowers to live and reproduced rock 
music. Can anything be done to 
tame the wild decibels? 

English ears 

For some reason, many of the ex- 
tensive research studies on hearing 
loss and music listening have been 
done in the U.K. Several years ago. 
two researchers at the University of 
Keele tested two groups of 
c^, Staffordshire high- school students; 
^ one group had frequent exposure to 
^ loud music at rock concerts, discos. 
E and thnDugh personal stereo head- 
g phones. The control gn3up CI wonder 
where they found them) had little or 
% no such exposure, 
a Although conventional diagnostic 
"i tests revealed no overall hearing 
I loss, two problems did become evi- 
^ dent with more precise techniques. 

There was evidence of the group s 
94 diminished sensitivity to a narrow 



band of mid Frequencies and» sur- 
prisingly a reduced ability to dis- 
tinguish between adjacent musical 
pitches. 

Environmentally engendered 
hearing loss is not limited to kids 
addicted to rock concerts, loud 
headphones, and killer carstereo 
systems — all of which have been 
measured at noise le^efs over 110 
dB. The older if not wiser genera- 
tion is also surrounded by equip- 
ment that is not intentionally loud 
but just happens to be. Tm referring 
to a variety of home, yard* and rec- 
reational equipment These include 
power tools Cmy radiat-arm saw cut- 
ting through hardwood makes quite 
a racket!), power mowers, and leaf 
and snow blowers. Recreational ve- 
hicles such as outboard motor 
boats and snowmobiles, are also 

MAXtMUM ALLOWABLE 
OSHA LEVELS 

The Occupational Safety and 
Health Act (OSHA), which became 
law in late 1970, places linnets on the 
noise conditions to which employ- 
ers may subjecl their workers, The 
maximum allowable sound levels 
and daily exposure periods are 
given in the table. Fonndustries that 
fall under th© jurisdiction of the act» 
those limits have the force of law, 
and an employer is obliged to take 
corrective steps if it is found that any 
employee is being exposed lo noise 
that exceeds the limit. 

TABLE 1— MAXIMUM 
ALLOWABLE OSHA LEVELS 

Eiposure Maximum level 
duration level (L^ in dBA) 
(hours per day) 

8 ~ ^ 

4 95 

2 100 

1 105 



potent sources of the kind of sus* 
tained sound levels that can be par* 
ticularly damaging. 

In general the rule seems to be 
that constant sound levels, par- 
ticularly in a narrow band, are more 
harmful than louder intermittent 
sounds. In other words, if your 
sound-pressure level CSPD meter 
needle seems stuck at the 90-dB 
level, the sound is likely to be far 
more damaging than if the needle is 
swinging wrildly with occasional 100* 
dB peaks. 

Since the ear-damaging effects of 
noise result from cumulative ex- 
posure over time, noise-dosage 
meters have been developed for in- 
dustrial use. They average out the 
varying sound-pmssure level to pro- 
vide an equivalent continuous 
sound level, or L^. Such devices 
are analogous to the radiation-dos- 
age meters that are supposed to 
keep workers in the nuclear indus- 
tries safe. Experience has shown 
that some hearing loss will occur in 
20% to 25% of workers exposed to 
the legally allowed limit of 90 dB 
CL„q in dBa) for 8 hours. That is the 
sound level of heavy street traffic or 
a subway train. 

Damage report 

Exactly how does hearing 
damage occur? Aside from eardrum 
rupture caused by a high-pressure 
pulse from a loud nearby sound, 
rapid pressure changes and dis- 
eases of the auditory nerve and cen- 
tral nervous pathways, the major 
area of damage occurs in the micro- 
scopic hair cells residing in the spi- 
ral-shaped cochlea of the inner ear 
Dr John Rosowski of Harvard Medi* 
cal School has been investigating 
the problem. At relatively low levels 
of intensity, he says, damage ap- 
pears to be proportional to the 
amount of energy entering the ear 
during a particular period of time. 



But beyond some critical level of 
sound pressure, the hair cells be- 
come much more susceptible to 
trauma. With only a small increase in 
SPL beyond this critical point, the 
damage increases significantly and 
disproportionately. 

The microscopic hair cells are the 
specific transducers that convert 
the vibrations in the inner ear to the 
electrical impulses sent to the brain. 
Each hair cell, v^hich has a diameter 
about Vb that of a hair, is topped off 
by 20 or so stereocilia that resem- 
ble the bristles on a toothbrush. 
Scanning electron micrographs of 
sound-damaged microcilia show 
them bent, fused, and even missing. 
That results in a medical diagnosis 
of "nerve deafness." an irreversible 
condition. 
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FIG. 1. LOSS OF HEARJNG is a natural 
result of aging (a), but a much more se- 
vere Eoss can resuft from long-term ex- 
posure to an excessively noisy environ- 
ment (b). Both curves are at 4 kHz, but 
high-frequency hearing goes first. 

In general, everyone who lives m a 
civilized (meaning noisy) environ- 
ment is subject to Sonne hearing 
loss over time. [See Fig- 1-a.] At 
first, the loss appears only in the 
upper frequencies usually re- 
produced by tweeters. In time, how- 
ever, the loss pnDgresses downward 
to the upper midrange frequencies 
that differentiate the sounds impor- 
tant to speech comprehension. 

Now hear this 

There is good evidence that indi- 
vtduals vary in their physical 
tolerance of loud sounds. Neverthe- 
less, there are some ground rules 
that those who care about their 
hearing should follow. Since ear 
damage is cumulative, resulting in a 
gradual deterioration, sounds that 
are instantly heard as too loud — 



that cause ringing or other inner ear 
noises— should be avoided or at 
least diminished by ptacEng damp 
cotton wads in the ears or by the 
use of more effective medically-ap- 
proved ear-protection devices. How- 
ever, loud, but not obviously 
excessive, sound sources, musical 
or otherwise, can also be damaging 
in the long run, 

1 have an audiophile friend who 
wears earplugs in the subway and in 



other noisy environments. Aside 
from the noise level in public places, 
you should consider ear protection 
when performing such activities as 
power-tool carpentry and lawn care. 
Even wads of cotton stuffed tightly 
in your ear canals will help. It s not 
just that you are saving yourself an 
immediate headache, but you might 
avoid a hearing-aid purchase 30 or 
40 years from now. Don't be dumb 
today — and deaf tomorrow. r-e 
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EARN YOUR 

B.S.E.E. 
DEGREE 

THROUGH HOME STUDY 

Our istew and HighJy EHmitjve Advartced-Ptace- 
menl Program iof experienced Eteclrooic Tectv 
ntdans grants credit for previous Schootng aM 
P^o^e&s^o^la^ E)<perience. a/id can greall^ re- 
duce the ti™ required to complete Program and 
feach araduatioft. No residence schooling re- 
qutred for quatified ElsclfonEC Technicians. 
Thfouah th» SpedaJ Program you can puH all of 
the loose ends oi your electronics background 
together and earn your B.3.e,E, Degre>e. Up- 
grade your status arid pay to the Enstneering 
Level. Advance Rapidly f Many i!ini:Sh in 1 2 
rrxDotha or loss, Students and graduales rt al 50 
States and thrcyghout the World. Established 
Over 40 Years! Writs for Iree Descriptive Lit- 
erature. 



COOK'S INSTITUTE 

OF ELECTRONICS ENGJNEERING 

'4251 CYPRESS DRIVE 
^-M.E JACKSON. MISSlSSlPPt 39212 
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Your Ticket To 

SUCCESS 

Over 28,000 technicians have gained adnnit- 
tance worldwide as certified professionals. 
Let your ticket stairt opening doprs for you. 

ISCET offers Journeyman certification in 
Consumer Efec Ironies^ Industrie^ Medical, 
Comnnunicatjons, Radar^ Connputer and 
Video. For nnore information, contact the 
Internattonat Society of Carttfied Etectro- 
nics Technicians, 2708 West Berry Street. 
Fort Woi^h, TX 76109; (817) 921-9101. 

Name 



Address_ 

City 

State 



-Zip. 



Send material about ISCET and 
beconitng certified- 

jSend one "Study Guide for the 
Associate LeveE CET Test." En- 
closed is $10 {inc. postage). 
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continued from page 16 



(5000 counts) signals with crest 
factors up to 3.0 can be measured. 
At full scale, a signal must have a 
crest factor less than 1.5 to be mea* 
sured accurately. 

The HD160 offers impressive 
overload and safety protection. The 
voitage inputs can withstand up to 
1000 volts AC or DC. Both current 
jacks are protected by fuses. An 
added safety feature protects the 
meter user and the device under 
test: When a probe is inserted En 
one of the curnent jacks and the 
function switch is set to a non-cur- 
rent mode, the meters display will 
show an error message to warn the 
user 

The HDteO ls priced at $199. The 
capable, njgged high-quality meter 
will be appreciated by anyone who 
needs a DMM for serious profes- 
sional use. R-E 



COMING NEXT 
MONTH 

The January 1993 Issue 
goes on sale 
December 3, 1992 

WORLD BAND 
SHORTWAVE RECEIVER 

Keep informed on world 
events and learn RF 
construction techniques! 

BUILD THE Rir4G THING 

Now you can have remote 
access to your PC even if 
the power is off! 

BUILD A VOICE 
CHANGER 

A project that's as fun to use 
as it is to build! 

RESISTORS 

A comprehensive guide. 

AND LOTS MORE! 



To prevent crime 
inTncsoitt 
poUceuse sensitive, 
M|lily sophisticated 
surveillance efaipment: 
!rim,RosefGertf 
Antbony, Yvonne^ 
and Ramon, 

Citizen participation is 
critical to police effective- 
ness. Do you care about 
your neigliborliood enough 
to help protect it? 

The Case of the Tucson 
Tip-off. 

In a particular neighbor- 
hood in Tucson, Arizona, 
folks were having a real 
problem with burglaries 
and break- ins. 

Theystarted talking to each 
other about what they could 
do. Th^ got fedup. About 400 
people went to the police for 
advice. They learned about 
surveillance. They got to 
know their beat officers. Ci- 
tizens and police became part- 
ners in crime prevention. 

In just three weeks, 17 
arrests were made and bin'- 
glaries went down 30%. 
And Tucson is only one case 
where people suocessfuily 
worked to beat crime. To 
find out more, write: The 
McGruf f Flles^ 1 Preven- 
tion Way^ Washington, 
DX, S0S39-0001, 

You can make a difference. 

You can help... 




r _ Am en tr&m th s Crtme Prfrvo tjtion CdalittDn, tho 



COMPUTER CONNECTIONS 



Computers and Consumer Electronics 



JEFF HOLTZMAN 



Computers and consumer 
electronics are merging. 
Kodak and Tandy have add- 
ed fuel to the fire with their recent 
introductions of Photo-CD and the 
Visual Information System (V(S), re- 
spectively. Photo CD and VIS join 
CD-ROM Interactive (CD-I) and 
Commodore Dynamic Total Vision 
CCDTV) as the major attempts to 
put computer-iike interactivity on a 
television screen, thereby capturing 
the hearts and minds— and pocket- 
books — of noncomputenzed con- 
sumers. VIS, CDTV, and CD-I are 
direct competitors; although sinailar 
in some ways. Photo-CD is really in 
a category by itself. CYou might also 
want to keep in mind upcoming CD- 
based systems from Nintendo and 
Sega.) Photo-CD. CD-L CDTV. and 
VIS all share the following in com- 
mon: 

• They are meant to be operated in 



the family room, not in a home office 
or corner of the bedroom. 

• They use the home entertain- 
ment system CTV and stereo) for 
audio and video output. 

• They emphasize early education, 
games, entertainment, and refer- 
ence works. 

• They use some form of CD-ROM 
as the primary delivery medium. 

• They operate with simple infrared 
remote-control devices rather than 
computer keyboards. 

• They are meant to appeal to less 
technically sophisticated consum- 
ers than computer users. 

• They cost in the $600^1000 
range. 

To understand what each of these 
technologies has to offer and which 
is likely to be successfuL let's sum- 
marize the key points of each. 

CDTV This system descends 
from a long-time player in the per- 



sonal-computer market. Starting 
way back with the Pet Cln the late 
1970's). and moving on through the 
C'64. and then to the Amiga. Com- 
modore has always had a presence 
in personal computing. However, 
the company has never developed 
and executed a clear marketing 
strategy, hence has been a sideline 
player in most areas. The single ex- 
ception is video production on the 
Amiga, where word of mouth and an 
unbeatable price/performance ratio 
have brought success. CDTV was 
introduced in the early summer of 
1991, and has yet to achieve major 
acceptance. CDTV consists of a 
stripped-down Amiga 500 comput- 
er that has been specially modified 
to nespond to commands from an 
infrared remote. The unit can be ex- 
panded to be a functional Amiga 
500 by adding keyboard, disk drive, 
memory, and mouse. CDTV is sold 
by Commodore dealers. 

CD-I Philips Consumer Elec- 
tronics introduced the CD-I system 
m the fall of 1991 after several de- 
lays. It consists of a proprietary 
68000-based system running a spe- 
cial version of the OS-9 operating 
systems. CD-I players are sold by 
consumer-electronics outlets. Ap- 
proximately 65 CD-I titles are avail- 
able, including several " celebrity'' 
titles narrated by Danny Glover, Mia 
Farrow, Robin Williams. Jack Nic- 
holson. Raul Julia, and Sir John g» 
Gielgud, One CD-I disc explores S 
jazz giants such as Charlie Parker. 1^ 
Miles Davis, and Sarah Vaughn- An- z 
other disc explores the paintings of ^ 
Rembrandt, and includes narration 
m seven languages (Dutch, English. g 
French. German, Italian. Japanese. 3 
and Spanish). Titles start at $15: o 
most are priced in the $20 to 40 2 
range. i 

VIS Like Commodore. Tandy has 
been involved with personal com- 97 




FIG. 1— KODAK'S PHOTO-CD puts 100 images in five different resolutions on a single 
CD-ROM disc. The pSayer displays Images on your TV screen and plays reguiaf audio 
CD's through your stereo. A future upgrade will allow you to add audjo and text to a 
Photo^CD disc, thereby allowing annotated, navigable slide shows. 



puters since the earliest days. Its 
chief products include the TRS-80 
series, the Cotor Computer, the 
Model 100/200 portables, a line of 
semicompatible PC's, and a line of 
fully compatible PC's. While never 
achieving great success in the busi- 
ness community, the PC compati- 
bles have, nonetheless, held their 
own in the hobbyist/consumer mar- 
ket. VIS. is in fact, the "Wintendo'* 
device discussed here in the Oc- 
tober issue that has fueled the in- 
dustry rumor nnill for months. Unlike 
the other products discussed here, 
VIS software architecture is based 
on MS-DOS and Modular Win- 
dows, a ROM version of Microsoft's 
Windows optimized for use in a con- 
sunner (television) environment. Vir- 
tually all leading content de- 
velopers, including Berlitz/Cruise 
Watch. Broderbund. Compton's 
New Media. Electronic Arts, Lucas 
Arts. Sierra, and others, are de- 
veiopmg VIS titles; AimTech Clco- 
nAuthor) and OWL (Guide) have 
authoring systems, and Microsoft 
might have something up its sleeve 
in that area as well 

The DOS/Windows platform is 
good for several reasons. Content 
developers don't have to buy spe- 
cialized and costly development 
platforms; standard PC's (with emu- 
lation boards) will do the trick. Port- 
ing VIS titles to and from other 
systems (e.g., MPC-compatible 
PC's) will be simpler than porting to 
or from a whole new architecture. 
Tandy's immense retail network en- 
sures broad product availability and 
servicing. Zenith will also be selling 
VIS systems under its own brand 
name. 

Photo^CD Kodaks technology 
Is not currently designed to com- 
pete in the tnteractive-W market, 
although it does have architectural 
features that might eventually pro- 
vide interactivity Photo-CD is de- 
signed to appeal to both profession- 
al and broad consumer bases. In the 
consumer worid, Kodak hopes Pho- 
to-CD will supplement the family 
photo album and slide projector In a 
professional setting, it will be useful 
for desktop publishing, corporate 
image databases, stock photo im- 
age bases, medical imaging, image 
archiving, and probably lots more. 
Photo-CD works like this: You take 



or mail a standard roll of print or 
slide film Cup to 4 x 5 inches now, 
with larger formats coming) to a 
special Photo-CD processor, which 
then scans each image at five ngso- 
lutions ranging from catalog-quality 
"thumbnails" Ct28 x 196) to pub- 
lication-quality scans (6000 x 
4000X 

Depending on image size and 
content, it is possible to store about 
100 images per disk in the standard 
consumer Photo-CD format. Other 
professional formats are available 



Resources 




• The Visual Display of Quantitative 
Information ($40), Envisioning tnfar- 
mation (S48}, Graphics Press, Box 
430, Cheshire, CT 06410, (203) 
250^7007, 

CIRCLE 41 ON FREE INFORMATION CARD 

• Photo CD, Eastman Kodak Company, 
343 State Street, Rochester, NY, 
U650-0S19, 800-242-2424. 

CIRCLE 42 ON FREE ^NFOHMAHON CARD 

« Pro 16 Multimedia System, MediaVi- 
sion, 3185 Laurelview Court, Fremont, 
CA 94538, eOO-348-7116, 510^770-8600. 
CIRCLE 43 ON FREE INFORMATION CARD 

• Visual Information System, Tandy 
Corporation, 1800 One Tandy Center, 
Forth Worth, TX 76102. 

CIRCLE 44 ON FRE£ INFORMATION CARD 

• Compact Disc Interactive^ PhlUps 
Consumer Electronics Company, One 
Philips Drive, P.O. Box 14810, KnoxvlUe, 
TN, 615-475-0317. 

CIRCLE 45 ON FREE INFORMATION CARD 

t Commodore Dynamic Total Vision, 
Commodore Business Machines, Inc., 
1200 Wilson Drive, West Chester, PA 
19360, 215-431-3100. 
CIRCLE 4B ON FREE INFORMATION CARD 



that allow storage of as many as 
6000 low-resolution images (e.g., 
for image catalogs). 

For family-room use. Photo-CDs 
can "play back" on special players 
(like that shown in Fig. 1) that also 
handle audio CD's, and on select 
computer-based CD-ROM drives 
(in particular, those claiming CD- 
ROM/XA compatibilityX For com- 
puter-based use. Kodak has intro- 
duced low-cost PC- and Macintosh- 
based software packages for view- 
ing images and getting them into 
standard bitmap formats such as 



PICT TIFF, and EPS. Some com- 
mercial graphics editors (e.g., Pub- 
lishers Paintbrush) already offer 
buiit-tn Photo-CD support. Apple 
has announced that it will support 
the Photo-CD format directly in 
System 7 software, and via Quick- 
Time (Apples set of technologies 
and specifications for time-depen- 
dent data. Ce.g,. audio and video se- 
quences). Kodak has also an- 
nounced several advanced image- 
editing packages. 

Photo-CD uses a multiple-write 
technology that allows several ses- 
sions to be placed on a single disc 
at several times. If you're interested 
in using multi-write capabilities on a 
computer, make sure your CD- 
ROM ddve can handle it. Check 
Kodak's hotline at the number 
shown in the sidebar for information 
on compatible CD-ROM drives, 
processing centers, and software 
availability. 

You want a revolution? 

Will CDTV, CD-I, VIS. or Photo^ 
CD bring about some revolution in 
the computer industry, the consum- 
er electronics industry, or both? Are 
they destined for the junk heap, 
along with the early personal com- 
puters and dedicated video games 
of the 70 s and 80 's? 

They're probably all headed for 
the junk heap sooner or later, but 
VIS and Photo CD have the best 
chance of survival dunng the next 
few years. Commodore's on-again/ 
off-again marketing style Inspires 
confidence in neither developers 
nor consumers. Philips' system has 
some technical advantages, for ex- 
ample hardware-assisted full-mo- 
tion video based on the industry- 
standard Motion Picture Expert 
Group CMPEG) compression for- 
mat. But even that is an add-on to 
the basic player Development sys- 
tems are proprietary, and there is a 
lack of broad industry support. 

Photo-CD, on the other hand, of- 
fers immediate advantages to the 
computing community, especially 
desktop publishing and professional 
imaging concerns. 

Broad appeal is problematic in 
that Photo-CD will be competing for 
consumer dollars against VIS and 
the other systems, all of which offer 
more general-purpose functionality. 





Fiaa— TANDY'S WIS or Video Information System runs a WlndowsWike operating 
system designed by Microsoft. 



It seems unlikely that people would 
want to buy more than one CD* 
based digital information appliance 
to connect to their TV's and ster- 
eos. Viewed in that light. Photo^CD 
might find it difficult to crack the 
home market- If ViS Cor the other 
systems) could pnDvide Photo-CD 
compatibility, then Kodak might lose 
the player battle but win the format/ 
usage war. There is a lot of money to 
be made in processing Photo-CD s 
and in sellmg processing its 
workstations. 

Photo-CD stands a very good 
chance of sun/ival. simply because 
the publishing and imaging indus- 
tries need it. The consumer market 
might go for it. depending on con- 
sumer awaneness of the more gen- 
eral-purpose nature of VIS. I think 
Kodak would be smart to work with 
Tandy to ensure that VIS can play 
Photo-CD discs. 

On paper. VIS looks like the saf- 
est bet among the interactive sys- 
tems, both for developers and 
consumers. Like CDTV. VIS is 
realiy a general-purpose computer 
albeit not in the present incarnation 
an expandable one, Because VIS is 
so closely related to the DOS/Win- 
dows platform, content developers 
can create and port titles at low cost 
and low risk. Assuming Tandy stays 
with the architecture, upgrading to 
higher-performance technology 
(e.g., full-motion video) should be 
fairiy painless. Also, if anywhere 
near the number of promised titles 
actually materialize by the lime VIS 
hits the market (presently aimed for 
Christmas 1992). Tandy will have a 
huge advantage- 

VIS is extremely interesting. If it 
succeeds, it will mark the first suc- 
cess of a manufacturer in more than 
a decade in trying to penetrate the 
consumer market with a general- 
purpose digital information system. 
Computerphiles will prt)bably view 
VIS as under powered. But with the 
Windows platform underpinning the 
system, there s lots of potential for 
growth, 

I'm looking f onward to hooking a 
V!S system up to my home-enter- 
tainment center. However, I know 
up-front that it's a throw^away pur- 
chase; the computer industry is still 
evolving so rapidly that VIS will be 
superseded by something. My 



hope is that, between now and ob- 
solescence, my kids will get more 
from it than from a video game. 

Product watch 

I've looked at several multimedia 
upgrade kits over the past year, and 
have reached several conclusions. 
First, the base MPC specification is 
pretty low'fi. Nonetheless, results 
can stiil be startling. The best MPC 
upgrade kit Tve found is from Medi- 
aVision. It includes what rs currently 
one of the best CD-ROM dnves on 
the market. NEC's SCSI- based 
CDR^83, along with the ProAudio 
Spectrum 16-bit stereo audio card, 
which has a built-in SCSI interface. 
The bundle also includes a stew of 
software, including Lotus 1-2-3. 
Compton's Multimedia Encyclope- 
dia, a CD-based version of Sierra s 
Kings Quest V an authoring tool 
called Action from Macromtnd, and 
numerous DOS and Windows util* 
ities for recording, mixing, and play- 
ing back sound and MIDI files. The 
utility software varies widely in quali- 
ty, user interface, and usefulness, 
and it does not include a Windows- 
based MIDI editor, the major short- 
coming of the package. The meth- 
ods for configuring system inter- 
rupts and I/O port use is poorly 
documented, but once running, the 
package works like a charm. 

Bookshelf 

You probably take that voltage- 
versus-time display on the front of 
your oscilloscope for granted. What 
you might not know is that graphical 
displays of data were not even in- 
vented until the latter half of the 
nineteenth century, long after the 
invention of calculus. An En- 



glishman. William Playfair. and a 
Swiss-German. J. H. Lambert, 
clarm the honor of first publishing 
the many basic techniques of statis- 
tical graphics. You might also be un- 
av^re of what makes bar charts, 
time series, and other kinds of 
graphs really work. Why is that im- 
portant? Because most technical 
professionals use spreadsheet, 
data-analysis, and visualization pro- 
grams to analyze and display data, 
be it voltage, current, resistance, 
impedance, dollars, or other quan- 
tities. Computer tools give you lots 
of options for displaying your data 
using color, gray scales, hatching, 
perspective, and more. However, 
unless you're careful, you can get 
into trouble, graphically speaking, 
and thereby obscure your nea! mes- 
sage. 

If you ever produce a chart or 
graph as part of your job, you abso- 
lutely must look at two books by 
Yale statistics professor Edward R. 
Tufte: The Visual Display of Quan- 
titative Information (originally pub- 
lished in 1983). and Envisioning 
Information (1990). Alternate titles 
for those tv^ra exquisite works could 
be Volumes I and 11 of Use and (Es- 
pecially) Abuse of Statistical Data in 
Graphical Form. In example afterex- 
ample, Tufte shows and tells why 
some things work and others don't, 
along the way exposing numerous 
misguided attempts at "improving" 
the presentation of statistical data. 
Tufte understands that effective 
communicatiof^ of information in- 
volves carefully meshing form and 
content. He practices what he pre- 
aches. Beg, buy. or borrow copies 
of these works. You won't be disap- 
pointed, R*B 
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TUBES. o3c/est." "latesL" Parts and schemaircs. 
SASE for lists. STEir4ftSETZ, 7519 MaplewoQd 
Ave , Hammorrd, JM 46324 RE. ^ 

RESTH[CTED technical information: Electronic 
surveillance, schematics, Jocks mil hi ng, covert 
sciences, hacl^inq, eic. Huge selection. Free 
brochures. MElsfTOR-Z, Drawer 1549. Asbury 
Park. NJ Q7712. 

TUBES, new, up to 90% Ofl. SASE, KIRBY, 296 
Wasi Canrrei Drive, Carmel, IN 4603g. 

TV. notch fillers, phone fecording equipment, bro- 
chure SI .00. MICRO THinc. Bo>! 63/6025, Mar- 
gale. FL 33063. (305) 752-9302. 



WIRELESS CftBLE RECEIVERS t.9 TO 2 J GHl 
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ENGINEERING software and hardware, PC/ 
MSDOS. Circuit design and drawing, PCB 
layout, FFT analysis, mathematics, circuit 
analysis, etc. Data acquisition, generation, 
I/O PCB^s, etc. Call or write for free catalog. 
(614) 491-0832, BSOFT SOFTWARE, 
INC., 444 Colton Rd., Columbus, OH 
43207. 

CABLE TV Equipment. Most type available. 
Special: Oak M35B $39.95, No catalog. COD or- 
ders only. 1 (BOO) 822-995S. 

JERROLD, To com and Zenith *'test" chips. 
Fully actWatas unit. $50.00. Cable da* 
scramblers from $40.00. Orders 1 (SOO) 
4$2-70&0. Infomiatlon (213} 867-0081 

TOCOM-Jerrold impulse-SclenUfic Atlanta 
Converters, two year warranties, also test mod^ 
ules for your converters. Contact NATIONAL 
CABLE, (2^9) 935-4128 full details. 



FREE CATALOG 



FAMOUS "FmESTIK'^ BRAND CB ANTENNAS 
AND ACCESSORIES, QUALITY PRODUCTS 
FOR THE SERIOUS CB^er. SIHCE 1962 



FIRESTIK ANTENWA COMPANY 
2614 EAST ADAMS 
PHOENIX, ARIZONA 85034 



SECRET cable descramblersl Buald your own 
de&crambler for less than $12.00 in seven easy 
steps. Complete instructions SlO.OO Radio 
Shack parts iist and f ree descramblEng methods 
that COS! nothing to try includeci. HARRY WHITE, 
Box 1790. Baytown, TX 77520. 

PROTECT yourself and equipment from electrical 
shocks. Complete unit 598.95. SAFETY- 
UNLIMITED. 1743 Baldwin Road, Yorktov^/n, NY 
10598. S H $5.00. 

TEST equipment pre-owned now at affordable 
prices. Signal generators from SSO.OO. os- 
cilloscopes from $50.00, Other equipment in- 
cluding manuafs available. Send S2.00 U.S. 
for catalog refunded on first order. J.B. 
ELECTRONICS, 3446 Dempster, Skokie. IL 
60076. 1708} 982-1973. 



CABLE TV converters: Jarrold, Dak, Sdentirtc 
Atlantic, Zenith & many others. "New MTS ' stereo 
add-on: mute & volume. Ideal for 400 and 450 
owners! 1 (BOO) 826-7653. Amex, Visa, MC ae- 
cepled, B & B INC., 4030 Beau-D-Rue Drive, 
Eagan, MN 55122. 



CABLE TV converters. Jerrold, Zenith, Pfoneer, 
Oak, Scientific Atlanta, and many more. 12 years 
experience gives us the advantage. Vlsa/MC 

Amex GOD Advantage electronics, inc., 

1 (GOO) 952-3916 1125 Riverwood Dr, Burnsvilla, 
m 55337. 



CLASSIFIED AD ORDER FORM 

To run your own classltlod vi, put om word on each oi the lijtes below and nsfvl tnii fwm ilong wttJi your chtck io: 
Etectronids Now Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear For 

special headings, there is a surcharge of $25.00. 

i ) Plans,^Kits ( ) Business Opportunities { ) For Sale 

j j Education 'Instruction ( ) Wanted ( ) Satellite Television 

Special Category: $25.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK BETTERS. 

(No refur^ds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Mmlmum: 15 woixJs. 
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5 


6 


7 
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10 


11 


12 


13 


14 


15 ($46,50) 


16(S49.60) 


17 ($52.70) 


18 ($55.80) 


19 ($53.90) 


20 ($62.00) 


21 ($65.10) 


22 ($68.20) 


23 ($71.30) 


24 ($74.40) 


25 (S77.50) 


26 ($80.60} 


27 ($8370) 


28 ($86.60) 


29 ($89.90) 


30 (S93.00) 


31 (S96.10) 


32 (S99.20) 


33 ($102.30) 


34 ($105.40) 


35 ($108,50) 



We acce pi Maste rC ar d and Visa for paym ent of orders, I \ you wish to use you r crod i t card to pay for your ad f i 1 1 
in ttie folkjwir^g additional inlormat^on (Sorry, no tetephone oriJ&rs can t>e accepr&d.): 



Card Numt>er 



Expiration Date 



Ptease Print Name 



Stgnature 



IF you USE A BOX NUMBER YOU MUST IKCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR RLES. ADS SUBMITTED WtTHOUT THIS iNFORMATtON WILL KOT BE ACCEPTED. 
CLASSEFIED COMMERCIAlL RATE: (for Ti\ms Of irtdividuals offer irrg commerciaE products or services) 
S3. 10 per word prepaid (no cnarge for up code).., MINI MUM 15 WORDS. discount for same ad in 6 
i^u^SL 10% discount fof sams ad in i2 issues wtthjn one year; jf p^paid (not applicable on credit card 
orders). NON-COMMERCIAL RATE: (for >ndi vidua Is who war:t to buy or seil a personal item) S2 50 per 
word, prepaid ...no minimum. ONLY FIRST WORD AND NAME set m bold caps at no ejttra charge 
Additional bold face (not availat^io as ail caps) SSe per word additional. Eniiro ad in boldtace, S3. 70 per 
ftord TINT SCREEN BEHIND ENTIRE AD: S3.95 per word. TINT SCREEN BEHIND ENTIRE AO PLUS 
ALL BOLD FACE AD; S4 50 por word, EXPANDED TYPE AD: S4.70 per word prepaid. Entire ad in 
boldface, S5 BO per word TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD: S5,90 per word TINT 
SCREEM BEHIND ENTIRE EXPANDED TYPE AO PLUS ALL BOLD FACE AD: S6 80 per word DISPLAY 
ADS: 1" X $4tO.0O; Z" >'■ ^Ve"— SSEO.OO; 3" ^ 2V*'—S\23Q.O0. Gone rat Information: Frequency 
rates and prepayment discounts are avaitable. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. 
ADVERTISEMENTS USING P.O. BOX ADDRESS WILL NOT 8E ACCEPTED UNTIL ADVERTISER 
SUPPLIES PUBLISHER WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our 
hands on tfie 1 st of the third monih precedinq the date ot the issue, (i.e., Aug. issue copy must bo received by 
May i si). When normal cfosmg date fairs on Saturday. Sunday or Holiday, jssue closes onprecedtng working 
day. Send for the classified brochure. Circle Number 49 on the Free fnformation Card, 




You Need 
Tree City USA 




City trm add the soft touch 
of nature to our bus>* lives. 
They cool our cities, fight pollu- 
tion, conserve energy^ give 
unldlife a home, and make our 
neighborhoods more liveable. 

Support Tree Cit>' USA 
where you live. For your free 
booklet, write: Tree City USA, 
The National Arbor Day 
Foundation. Nebraska City; 
NE68410, 



The National 
AfborPa^^foundaiioo 



DESCRAMBLERS 




All major brands carried 
*JERROLD, *TOCOM, ♦ZENITH 
♦GENERAL INSTRUMENTS 
♦SCIENTIFIC ATLANTA, ♦OAK 
♦HAMLIN, ♦EAGLE, ♦PIONEER 
7th Year in business. Thank You 
Member of Omaha Chamber of Commerce 
1 Year warranty on new equipment 
30 Day money back guarantee 
Orders shipped from stock within 24 hours 

CALL TODAY FOR A FREE CATALOG 

1-800-624-1150 



L VSA 



^ S C.O.D. 



% J. 875 so. TZnA St 



CmCtE S3 ON FREE I««Jfl«AT10N C«10 



Triptett DMM 

Ur^ CiiST !3 read ^Sg^ LCD 

dUspia^f. Teiti vottigift m 5 ranges to 
7SeVAQ , rvuslanca m 6 ranges to ?0M, 
piu9ijlod« iMl Hrtth «udibfe contEfiueiy. 
Ocurrvftrtfi^ttlO lOA Buth-in batlAry 
l«t ind HFE 1991 iQf NP^ arHi PNP 

nnd carrying ca$& incltrtJMF, 

#RN-390-140 

6-1/2" Two-way System 

Perleict Bur round spuakeri. Customize your 
mod la room wilh Ihoso Buparquality, In -wall 
apijaherpqairs Full ilrofl-l/?* woofer. Heavy 
duly r son dome twe«1<^r. Buift'incros&Qvef. 
Fits any standard 2 k 4 o r laf gef wa I) . Reirofd 
dasJgn allows easy ins^taliation m new or 
existing wAlIt, Response: 40-20,000 Hi. 
a olvn tnp»d«noe. 40 warts RMS. 60 watts 
rrtuiinuRt. lnckK)e& pfovtttan for easy 
70Vr^V iranfjQrmer mountirig. Ov^rmll 
dimensionft: B-%f2*K 12*. tlelw^ighl: Sftis. 

#RN'3(HH)36 







12" Pioneer Woofer 

Pl bbed p3ip4r cona wth 

■ ."sund. Irnpodanc*: 

Soj^m. rrflquffricy 

r*ipons4T 30-2.500 Hf, '^^■^ 
Sfln5i!w;ty: 92 

1M. PqwBf tiandlii^' cai^aljkdty: Awaits ^MS. 00 wa.ts 
majfimum, MagneJ: 20 oi. Voico coil darrmler! 1-1/2'. 
RMOnan! frequoncyi 30Mi. VAS- 11.78 eg li., OMS- 
2217. QES-,^25.QTS-.357. Hoia: ^0■7^r. 
N«t weight: 5 lbs. Pionwjf f A30FU20 52P. 

$27=° 



#RN-290'105 



$955° 

(4 pn-i^Jj 



S24i« S99*^ 

SugLisl (1-3 pf»} 

Mini Electrolytic Cap Kit 

ThfS 60 pi^ce tut contiTns m 
i*k?Ct«cn of ia voft and SO wsft mini 
M-^aro^^ capaotorm 5 pieces 
«a£lt pf 1 0, 47. TOO, 220, and 470 ul. 

ievoltf»iilei|ki, 5 p>eces eac^of ^ 

22. 4.7, to. 22. 33 4.7 anc 100 

50 ^ taditl caps. TTiis rarrmerfl lii nas r-a- > c ! tne "tow profile* 
caps us«d m eamcortipri, VCRs, portat^ ar>d oVitr pfoducti wttere 
space [t iiiTiJied. A 527 00 value 

#RN-024-900 

'Parts 



$1 Stfch 



Ultimate 5", 2 Way System 

* perfect way to bpgraoe y-ou^' 
car's soijrxi syslem S\ 
2 way bndgeless speaker pair 
fifffttunng paper cones thai are 
impnignAledl with a sp«daf 
(n{|r«<fi#nt la preveni water 
damage i' alum ifium. voice 
coil 6 oz. magr>ei, Impedance 4 ohm. Frequency 
rewrtso 20-21.000 Hi, Powfer handling: 30 watts 
RWS.SSwansmajtimum, SPl: 92d9lW/iM Mounting 
deplh I W Net weight: 4 (bs, 

#RN-265-282 S46« $43=° 
Black Widow Challenger Remote Security System 

DoilB r lof dollar, and f ealu re for f n alu re the C hal lenge r security system out perfo rms 
mostcomf^titofsinits class , Features include : Two-2 button remoia i ra nsm jriafs. 
compact d^ign for imder dastii or und«f Mil installslipn , passive of actrve a rmmg 
vtiuai'ftudiblie ^idication wh«n aminQWMnning. remote panic . 360 oegree shock 
umsor, door lod^ output, start*! cKMU* wM ralay andhamess. 1 20 dB si ren. ertt ry/ 
tamper violari^ nremory, buiil-n parking Ighl or hom sounding cticuit, 

current and str^zh sensing, mmuat ownMt Mich ^ posJtrve and 2 negative 
tnggefCflasivngLEO. RF safety lo«k-Mt HifomatiC fe»M. giass break sensor and 
mow. MMi^tt: 3a>4 ihAftaS 

#RN-33M37 $99^^ 
The Ultimate Test CD 

Ttm UKxnade test CO was designed for use MCh vm au^ 
amate^f »>d tn proi ai iicin el iOieid wig i ft>t f . TfitCOcanb* 
uMd to lest CO piKym ape i to i i , impKion, end for ^mkiq 
kmnjtn^f^ T^maniaiks written to wid«ritvid«ngish 
and taMs you ttep-by-^Mp l^uough Mcti Indc of ttie CD and 
iJiplains its pujpofe. The lUirnaie test COa a necessary tool lor 
anyone who is senoua about quaiity audio sound 

#RN-510-100 $7|L 



$29^^ 



{4-up) 



'Each 



m 




340 E F,r:5t Si . Da>icn. Ohio 45^02 
Local S13 222 0173 
FAX: 5i3-;?.7i?'4e4.1 



•30 d^iy menoy back gua/antee • $20-00 minimum ond»r * We accept 
hfastsrcard, Vaa^ DiACOv«r« and motlC.O.Q. orders. - 24 hour shipping 
■ Shipping charge • UPS chart rate + $1 .00 {$3.S0 minimum eharge) 
■Koure: S30 am - 7:00 pm EST. Monday - Friday. 90) am - 5^30 pm 
Satuiday. MaU order cuitOTners, please caj1 for shipping eilimale an 
orders evDe>adin,g 5 bs. Foreign destinalion customers please send 
$5. DO U.S . Iund& Tor cnlnbg pOSlsgo. 



CALL TOLL FREE 
1-800-338-0531 




CIRCLE 56 ON Fn EE INFOHMATIOH CARD 



MRRK V CUCTRONICS, INC 
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ORDER IN CALIFORmA 1^80Q^52MVIARK 
ORDER OUTStDE CA 1-8flQ-423 FIVE 
CATAtOG & mFORMATmN ^213} B83-g9B B 
ORDER BY FAX (213] 3BB 6860 t3 
SO I'* i:, MiitiMHi McmldKllti. r V HlUatJ 
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LlFjETIME 



Quality Microwave TV Aniennas 



WIRELESS CABLE - EFTS - - AimtUUJ TV 

Ulirs Higli G^tn »«tir+k * Tuunble t9 lo 2.7 Gtri. 

• 55-Charinel OisM System Si 99,95 
» 2B-Ch^r\n^\ Dish Syslem £149.95 

* 20-Channel Dish System S124.96 

■ O^tdvai Cern^fcjjii Grid A^ienni \^ VCm^ A^ 00 

P r.i..- «--:SA-F ---FREE" Crs^ 

PHILLIPS-TECH ELECTRONICS 
P.O. Box 0533 * Scott&dafe. AZ 85ZS2 
{602} 947^77{10 (£3.00 Cre^Fl all phore ordirrsl 
Hj etftri * Visj * AmF<ii ivmi « CKl i • Q^Mti^ fru^ 



GENERAL Instrument OPV-7^ $250.00, Sden- 
Itfic Atlanta 8500 s S150.00. Tocom's Si 50. 00 lo 
gSO.OO. CABLE WORLD, t (SCO) 234-7193. 

Pf^ EVENT doacramblef damage. Don't bItQ the 
bullet!! Snooper Stopper Data Pulse Blocker 
S33.95, with Surge Proieciion Wireless 
Video Sender S54.95. VCK 1 (800) 925-9426. 

CABLE TV fillers, cylinder type. The best made. 
All channels available. Low prices. Quantity dis- 
COunts. Call 1 {800) 643 9170 ext. 170. 

DESCRAMBLERS and turn-on kits — V\te Keep 
our prices low by having r>o 800# and no catalog 
^ no bull! We have tne best prices, all types 
avt» liable. Mention Santa for extra 5% discount 
Call (407) 652-9576. 

300 Experimenters Circuits — Complete in 6 
practica] books using diodes, relays, FET's. 
LEDs, 10 555's, and IC CA3130S for building 
blocks. Only S33.00 plus S5.50 for shspping. USA 
and Canada only. US funds. ETT, INC.. TO Box 
240h Massapequa Park. NY 11762'0240. 



CB RADIO OWNERS! 



We specialize In a wide variety of technical 
information, parts and services for G8 radios, 
10- Meter and FM conversion kits, repair books, 
piani high-performance accessories. Thousands 
of satisfied customers since 19761 Caialog $2, 



CBC rHTERNATlOHAL 

P.O. BOX 3150DRE, PHOENIX, AZ B5046 



LASER 5j light shows, plans, books. ,5mw to 20 
watts, free caialog cali 1 (800) 356-77U or write 
MWK IND.. 198 Lewis Ct.. Corona, CA 91720. 

USED "Sweet Art" computer cake deco- 
rating machine. Can reproduce photos 
usiTig edible food color on cakes. Widow 
must sacrifice. Make offer. (619 
944-7244. 

3 TUBES. Aden Stippiy receiving communicalton^ 
audio, industrial. 7409 West Chester Pike, Upper 
Darby, PA 19032. Call 1 (600) 458-1301. 

UNIVERSAL Microprocessor simulator/de- 
bugger V2,0 each CPU S90.00. Simulates popu* 
lar microprocessors. Features cross assembfer, 
disassembler, windowed source-levei debugger 
ROMY-S EPRQM Emulator Si 55.00- EmuFaies 
EPROM 2716-17256, J4M Inc, 83 Seaman 
Road, West Grange, NJ 07052 Tel^ f20l) 
325-1 B9g, Fax: (201) 736-4567. 

SCIENTIFIC Atlanta model 8530 converter.de- 
scrambJer w. remote. Works on most Scientific At- 
lanta cable systems. Wholesale price 5229,00 
Call (404) 740-0711 UNIVERSAL PRODUCTS, 



CABLE ConvorterSi accessories betow whole- 
sale? Immediate deiivery from giant slock! COD 
orders only. 1 (800) 995-1749. 

CABLE TV newt StarqueBt 2021 55QMHz con^^ 
verier, loaded w features only S80,00. Original 
unmodified combos w.decoders: Starcome 
S99m Z-tac S99.00, SA85S0 S149.00. Five lot 
minimum order. Free caialog: INTELLIVIDEO, 
1311 El Cam^no, #211. Mlilbfae, CA 94030, Call 
now! (415) 583-S283. 

CHRISTMAS S oEher music chips. Musical Xmas 
lights, more, 5 iCs for SlI.OO postpaid. SAS E. 
lor info, THUMB, Box344R. Marysville, Ml 48040. 

EPROMS, Assorted, i.e., 2712BA-15 S3.00 each 
minimum quantity 13 pieces, C.O,0., American 
Express. H.E,A,fl J. Inc, 1 (800) 677-3773. 



CABLE TV 



-800-582--I114: 



FREE CATALOG 

GWRAHTEED BEST PRICES • IMMEDIATE SKIPPfHG 

r^fa.K, ELECTRONICSiasei 

pra^d e3G2 Ptncs BIkd, Suite 27G HSSl 

lf^f?5 Pembroite Pines, ft 33024 sSSSsi 



SATELLITE TV 

FREE catalog — Lowest prices worldwide. Satis- 
facuon guarantee on everything sold — Systems, 
upgrades^ parts, all major brands factory fresh 
and warrantied, SKYVISION, 1012 Frontier, Fer- 
gus Falls, MN 56537, 1 (600) 334-6455. Outside 
US f2l3) 739-5231. 

SATELLITE TV — Do it yourseif — major brands 
discounted, we'll beat everyone's price. DIS* 
COUNT LARRY (609) 596-0656. 



PAY TV AND SATELLITE DESCRAMBIIKG 
ALLf^EW 1992EOmor« ALL NEW 



cr.e ■ i VC II Pha and B^^r.DC - ■ - . ■ ^ ■ ; , VCH Wbari rt»dtef« BlhSt 

SjteHHf Systerrs unj(f seOO. 4t2.95 [5J] Xty 9S « Scm> 
bling Hms MonChtywiS heif] ycit up ID ddtv on Plus break:}. S24,0S^. 3p«m 
EvicyUting hm including vldeo.$i<Qd.(^&(iew Cdiilog $1. 



Scram bling News . 1 552 H^rt&l Ave, , ] 
fluiralo,Ht 14216 Vaice,fait71fi)374 ^ 



VIDEOCIPHER II descrambllnq manual. Sche- 
matics, video, and audio. Explains DES, Eprom, 
C-oneMaster. 3Musketeer, Pay-per-vcew (HBO, 
Dnemax, Showtime, Adult, etc.) Si 6.95, S2.00 
postage. Schematics for Videocypher Plus^ 
$20,00. Sctrematics for Videocypher 032. S15.00. 
Collection of software to copy and alter Eprom 
codes. S25.00. CABLETRONICS, Bok 30502R, 
Bethesda. MD 20324, 

SUPER low satellite prices. Free U.S. and Inter- 
national catalog. SATMAN, (309) 692-4140 (Int'J), 
1 (800) 472-8626 in U.S. 



PLAMS AND KITS 



FASCINATfNG electronic devices! Dazers! 
Lasers! Transmittersl Detectors! Free energy! 
Tesia! Kits.''assembledl Catalog S4,00 (refunda- 
bte). QUANTUM RESEARCH, 17919-77 Ave., 
Edmonton, AB T5T 2Sl, 

KITS make great holiday gifts! Send for free cata- 
log, LNS TECHNOLOGIES, 20993 Fooltiill Btvd., 
Suite 307R, Hayward. CA 94541-1511 



CABLE TV DESCRAIVIBLERS 

■ VIDEO STABfLIZERS AVAILABLE & Bullet Protectors ' 




((FEATURING)) 

J. C.'ill taenia i*?rs 
2. Povirct Aiitciit(Ji> 

Wifclrst Cnbto 

1.0>2.7 OMi 

SurviPtlljnce 
T. Ougil Oock VCf>. 




REMOTE CONTROL KEYCHAlN^^ 

Ct^mpkt^! wrTnini-trflnomitter 
a n d +5 vd t R F f oc ef ver 
Fulty flaacmtvlC'd- irvc!utilng p^ans 
fo bui;d youj' o-rtH &iMt> ftJjirm 
d*Oy1 nc Chech, Vi5fl or M'C 

VisitOCrt Inc. Bo)t 14156, Fr^?mfjnt, C^,^^S3$ 

■ - ■ ) .65i1 -1 425 Rex J5 1 



H08BY broadcasting HAM CB surveillance 
transmmers, ampliliers, cabJe TV, science, bugs, 
orher great project Catalog Si .00. PAN AXIS, 
Box Paradise, CA 95967. 

OESCRAMBLER kits. Complete cable kit $44,95. 
Complete satellite kit $49,95. Add SS.OO shipping. 
Free brochure. No Nsw York sales. SUMMIT RE, 
Box 469, Bronx. NY 10465. 

SURVEILLANCE transmitter kits tune from 65 
lo 305 MHz. Mains powered cfupJex, telephone, 
roorri, oombinat^on telephono room. CaEaloq with 
Popular Communications, Popular Elec- 
tro ntcs and Radio Electronics hook reviews of 
"Electronic Eavesdropping Equipment De- 
sign." S2.00. SHEFFIELD ELECTRONICS, PO 
Box 377785'C, Chicago, IL 60637-7785. 




GREAT Prolest. Silent Sam 

get. SSTSfl (Tjin Signal 
mincJei} beeps 3 seconds 
alter IS seconds. Cyde re- 
peats until canceiied Unnbirujivi^. recycEe^ when bmking. 
Compact kit mounts aton frashei Parts, case. PCB. scfie- 
rnafic, n struck o'n SIS PPD. t m: JUti V;si.MC. FrK 
brochure 1-eclO'39S-5605. Prewired PPO: 2/S35; 3.W 
Slient Sm. 1627 Basil Or. Columbus. OH 



OESCRAMBUNG, nsw secrol manual. Build 
your own descramblers for cable and sub- 
scription TV, tnstnjctioris. schematics for SSAVI, 
gated sync, Sinewave, (HBO, Cinemax, Show- 
time, UHF. Adult) $12,95, postage. 
CABLETHONICS, Box 30502R, Belhesda, MD 
2QB2A. 

BUILD 0-50 volt regulated dual tracking power 
supply. Complete schematics and instructions. 
S5.95 SMS Ef^GlNEERING, RE 5932 West Bell 
Road, Su:te D1Q5, GlendaSe, AZ 85308. 

PROTOTYPING PC boards? Fast and easy from 
artwork lo elched board in 30 minutes or less. 
Complete step by step plans and samples! $6.50 
check or money order to E.G.G,, PO Box n390. 
Bfadenton. FL 342B2, 

BOOST Stereo transmitter kit output power! Super 
simple plans. S4.00. X-TEK, PO Box 521164. 
SLC, Utah 84152-1164. 

60 SOLDERLESS Breadboard Projects in two 
easy- 10- re ad pocket books. Complete with circuit 
descriptions, schematics, parts layouts, compo- 
nent tisiings, etc. Both books (BP107 & BP113} 
only 51 1 .90 plus 53.50 for shipping. USA and Can- 
ada only US funds. ETT. INC., PO Box 240. Mas- 
sapequa Park, NY n762-0e40. 

WIRELESS guitar transmission system. Build 
vour own lor $39.95! (kit) RADIOACTIVE 
TRANSMISSIONS (519) 250'0559/FAX: 
250-0560 

TEST- A Ids tor testing units In full servive rnode, 
Stafccm vri, S40.00; Starcom VI. S30.00; Star- 
corn DPBB. S5D.00; Pioneer dears error codes 
E2-E5, S60.00; Pioneer cubes, wtii not alter inter- 
nal serial #, S12S.O0; Tocom VIP 5503 S507, 
$25.00: Tocom mapping, $40.00: S,A, 8500, 
S25.00: 6550 $30.00; 8580, $40.00; 8S70,'90, 
S5O.00 ; Ze.^rth. S25.00; security bits and remotes. 
N,E EI^GIHEERING, (617) 770-3830- 

HI fidelity FM stereo transmitter $49,95 Surround 
sound decoder amp S29.95. 5 watt audio amp 
$14,95. Kits are complete with PCB and pre-lesl- 
ed parts. KEYVID, 508 Plover Place, Palm Har- 
bor, FL 34683. (813) 787-0311, 




One trei." can maki; 
iOOOULXV> matches. 



f 



One match can bum 




NilW Kolld :§lJltH ;3fb[l digstfi] 

TV f.rl3, 8lert?os, cini! vid- 
tflreconitrs arv U]ugh.s.T to re- 
pair tiiflu old- fashioned tutu- 
type j^Li And require ^peciJil 
i raininii far tJiC service tech- 
jitciiiii who works cm then]. 

Only a. few slates have layns 
requiring oompcUrncy test* 
for licenaing tettmiciflns who 
ri?pa.ir ttiTaaiimpr electronic*. 
imX fiEli-cn yvntrs ago lhn> In- 
lemational SfKriety of Ci>r- 
lif;ed t-Sectronic Tethnicians 
^ C ET .1 began i I* own cc rtitica - 
lion prfJtiram to (lualify thifst" 
Eechntct^n:^ ^ind those in iTt- 
dusity. Tocfflrry the CFTT des- 
■l^atinn, i4.<:tbmciani( mus\ 
have four ^vcflra experienc;*? 
and pant a wi^A eiaminatkrfi 
on RC'tieral elcctronicn and a 
specific urea of expertise such 
iia iiudio or rndio-TV. 

Many consumcrii tq<jk for i 
Certified Eiectftujic Techni- 
cian in the shop wh^n they 
need any eledronic iU'm re- 
paired, 

Fr-m Consumer ChvcliH^t 

A conaumpr checkliNt for 
i<«lectjrLC! a wrvice shop is nv- 

m 




Modern etectronic oquip- 
ment such as digital TVj 
or stfireos sh&ufd ba ro- 
puirad bv specially trained 
peopla. 

nilahlt^ free hy sending a 
Aiiimpvd, scir-iitldrBii4f<l en- 
veloi>c IB Chrtklisi, ISCET, 
270a Weal Berry. Fori Worth. 
TX TfjiOfli. Th<! list rt^mindfi 
■ransumtrs lu check tmch 
iteniB i\» "Drkpft the hui^ine^ 
have the part* for your par- 
ticular brands. "Did you get 
an cMiirnated priouT*, and 
■'Uid yim check this company 
with tt>e Elrltfr Business 
BujrtauT" 



CABLETRONICS 



CONVERTERS 

1-4Units 



5 Units lOUnlU 



PANASONIC TZP 14S 
STAR GATE 2000 
*HAMUN MCC 3000 



$88,00 ^75,00 $70.00 
$79.00 $69,00 $65.00 
$25.00 $19.00 $15.00 



ADD-ON DESCRAMBLERS 



SB^3 (NEW) 
*SB-3 FACTORY 
SA-3 
DTB-3 

KNI2A-2 or 3 

*H AM I LI N MLD 1200-3 

•ZENITH SSAVJ 

SA-DF 



$50.00 $45.00 $43.00 

$45.00 $39.00 $35,00 

$56.00 $50,00 $45.00 

$65.00 $55.00 $50,00 

$49.00 $45.00 $40.00 

$49.00 $40.00 $35,00 
$165,00 $149,00 $125.00 

S109.00 S95.00 S75,00 



COMBOS 

CALL FOR PRICES 



JERROLD DPV7 
JERROLD DPBB 

SAB5B0 COMBO $299.00 $225.00 

*JERROLD DRX-3-DIC $165.00 $105.00 

JERROLD DRZ-3-DIC $175.00 $115,00 

*OAKM35B $45.00 $35,00 

HAMLIN SPC 4000 3M $50.00 $44,00 
ADD $taOO FOR VARISYNCH 

♦Refurbished as New 



$215,00 
$89.00 
$99.00 
$30.00 
$44.00 



QTY 


ITEM 


OUTPUT 
CHANI^El 


PRICE 
EACH 


TOTAL 
PRICE 
































California PenaJ CodD #593-D Fofblds U9 from 


sue TOTAL 




shipping any cable dec cram bHng unit to 
anyone residing In the state of California. 


Shipping Add 
5,00 Per unit 




Prices subject 10 change without notice. 


COD/OedilCatd 
Add S% 




TOTAL 





Name 

Addr&s,«_ 
State 



^Zip_ 



_Tel:( 



D Cashltr's Chei^k GMonay ordc^r 
□ visa DmC CC# 



City_ 



J 

□ cod 



_EKp. Dat8_ 



DECLARATION OF AUTHORIZED USE- i. ttie undersigned, do hereby declare 
undef ponafty of perjury that aJi products purctiased. now and in the future, 
wiiii only be used on TV sy Gleans with all applicable federal and state laws. 
FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL 
CRIMINAL AND CIVIL PENALTIES FOR UNAUTHORIZED USE. 



Date 



_aigned_ 



Cabletronlcs 

9800 D Topanga Canyon Blvd., Suit© 323, 
Chatswoilh, CA 91311 

For Free Catafog, or to place an order call 

800) 433-2011 • FAX (818) 709-7665 



AMAZING 



^ ELECTRONIC 
PRODUCTS and KITS 



Remember ihose Martian 
Space Ships in HG We5E& 
WaroftheWorids? 





MYSTERY ^ 

Levitating Device 

Objecis Jloat on aif and nKwe to thfl 
touch. Defies gravity' Arnaiirvg gifi, 
convefsaUon piece, magic trid^ or 
great sdentific project, 
ANTIK Eft3y-Ass ' YKit/Plar^3S19.50 

3M(LE 

FM Wireless 
Mrcrophone! 

Crystal ctear, urtra-sensStive pickup 
Ejansmits voices, sounds (o any FM 
radio. Fof security' , monitonng 
chitdfen. invalids. Be the local DJ\ 
MVPl Plans S7.00 
MVP1K Kit/Plans ■■■ mSO 

3 MILE 

Telephone 
Transmitter! 

Automatically transmits 2 sides of 
ptione convcfsation to any FM radio. 
Tunable, oasy-assembJy PC board. 
Operates only when phone is in use. 

VWPM7 Plans $7.00 

VWPMK7 Kit/Plans $39.50 






TV & FM Joker/Jammer 

Pocket s^ze device lets you remotely 
disnjpl TV or rad^o reception. Great 
gag! Discreiion required. Easy-byild 
electroni c kit. EJKIKM $19.50 

100,000 V - 20^ Range 
Intimidation Device! 

Electronic module, may he enclosed 
for handheld, poiable, or fixed uses. 
ITM2 Pfans [credEiabJe lo J^it) $1G;00 
tTM2K Kit & Plana $4^,50 

READY-TO-USE, AUTOJWATIC 

Phone^Recording^^ 

Complete with extended play tape 
feojfder & Jir>e i^iteriace switch. 
Automatically records both sides of 
conversation. Check Local Lam on 
Proper U$e! Ready-to Use System. 
TAPaJX System $149-50 



INFORMATION UNUMITED^^ 

Oept RE-4 Box 716. Amherst NH 03031 ^^?S' 
Phone 603-673-4730 FAX 603-672 5406 ^ 
HC, VISA, COD, Check Accepted, ADD %S S&H. 



Laser Pen 

Pen si2ed laser, great for movies, 
drive- ins, pdnier. Ready to use, wiih 
batts. LA P H1 La se r Per^ . ;149.50 

Pocket Laser Kit 

3mw or Smw Kiis, with solid state 
670nm diode. Caution, QJass lila ite:n. 
VRL3KM 3mw Laser Kil . . . 
VRL5KM 5mw La ser Kit . ■ $1ia jO 

MOflf Laser Kits! 

LAS1KM imw Laser, 632nm, HeHe 

Easy lo Bum Kit 569.50 

LAS4KM j mw Ve r sion, Kit $99 ,50 

LAT05 Low Cost HeNe Las«r Tube! 
.5m w Tube & Plans . . only $2^,50 

Other pails avastab^e separately 
Great Low Bud get Science Project! 

Shocker Force Field 
^Vehicle Electrifier 




800-22M705 



MaXe hand shock bafls, shock warids 
electrify objects, charge capacflors. 
Great pay back for thcise wise guys' 
SHK1KM Easy Assembiy KitS24.50 



CATALOG! 



with many more itemsi 

FREE with order> or send SI PiH 



Si 



I 



c 

2 

I 

UJ 



104 



Cable TV 
Descrambler Kits 



Universal Kit $59.95 

^nclcjde^ all piifts ma PC Board Ndi irciucied 
IE ihe adaptor tx «riclosure 

Tri-Mode Kit S39.00 

Includes, all pans. PC Board and AC Adapto?. Npt 
Included is t^kv encloturt. 

SB-3 Kit S29.00 

lncludfl£ all paas. PC Board and AC Adaptor- Mot 
incMd^'d 1$ inn en^Jo^ure 

Universal Tutorial $9.95 

Includfls an m deptri study of tri& tachonoipgy uM<J 
and rtas iirDutJiftsrioo^iAg r^intt 

Tri-Mode Tutorial S9,95 

Includes ^ gate by oate study of me circuit and na& 

Snooper Stopper $39.00 

Protect yotTTseir from descramoifir ijeieetion ^nd 
Etop trie 'bukketV 



Call Toll Free 
1-800-258-1134 
C.O.D. 

M & G Electronics, Inc. 
301 Westminister Street 
Providence, Rl. 02903 



ETCH PCB^ yourseJI, new lDchniqj&» no chemi- 
cals, easy, cheap, full insiructions. sharefare, 
S1. 00. SASE,NICKNAR Suite 297 CN1 907, WalJ. 
NJ 07719, 

MASTER SWITCH. Turns your stereo on 'off with 
your infrarsd remote television. Information, 
SAS.E. to: PROGRESSIVE CONCEPTS, 1313 
North Grand. #291. Walnut, CA 917S9. 



BUSfNESS OPPORTUNITIES 

YOUR own radio station! Licensed' unlicensed 
AfV!. FM. TV, cable, Informaiion $1,00. BROAD- 
CASTING, Box 130- Ft 2, Raradise, CA 95967, 

LET the government finance your small business. 
Grants loans to $500,000, Free recorded mes- 
sage: (707} 449-8600, (KS1). 

EASY work! Excellent pay! Assemble products al 
home. Call toll free 1 (800) 467-5566 Ext 5192. 



EtiE{n«eiiiie MinipT. Pro A^lo Bcctfunkst ^tuitkm 
Iccftted in Btthel, CI) to direct and coodiflate activiiiu, of the 
Audio- Eag, DcpE. ia the coamissteDlog ud fQ^iolcftiaoc of 
hard disc b^sed ret^nllag s^steiss use^ m pfxljviico 
produdj&a. Mt3;sl be i.bk Ed suivcrvis^ the cojlmiHiiOiiiDg; ind 
Ruiatauncc of k»nt disc bucd rccordiDgi'editing 
digital mdi<3 prDCcssR>r5, and micropKoncs. Minimum 2 yts^ 
etptficDcc wiih tnaypatcr to-d prc^ccuoc conirol in i,n 
embedded control systera re-^uired. Forecast ope;amj^ co«C3 of 
dcpl. and direct preparation of budget, pfrformaACc and 
cV'Skatioa of pcr^^rtccU Aijociaic* degree in Elecirkjl of 
Elcciroaio Eng,- I exjwrrknce in position oiStttd ot 4 
yctn experience as Service E^n^nlneer, Pra Audio EtoeEiosis. 
40 hiiJvKtk: MSyaoDum (ovemcDt &tmpt}. 

Send Rcsucqe to: Job Serviee lechcitii^E Unit 

C(*nneeticct Defyic;?]]! of Labor 
ZOO Folly Brook tJaulevar J 
Wetbcrsfield. CT 0610? 
AitenttoQ: Jo*» Order No, 3l&45a2 



FREE CATALOa 



^ CABLE T. V. BOXES - ALL TYPES • 
• LOW PRICES - DEALER PRICES • 




HOME assembly work available] Guaranteed 
easy money! Free details! HOMEWOBK-R, Box 

520, Daaville, NH 03819. 

MONEYMAKERS! Easy! One man CRT rebutld- 
ing machinery. $6,900.00 rebuill $15,900.00 new. 
CRT. 1909 Louise, Crystalake, IL 60O14. (815) 
477-8655. FAX (815) 477-7013. 

MAKE 375,000.00 to S£SO,000.00 yeariy or more 
fixing IBM color monitors. No investment, start 
doing it from your home (a telephone required). 
Information. USA. Canada S2.00 cash for bro- 
chure, other countries Si 0,00 US funds, RAN- 
DALL DISPLAY, Box 2168-R, Van Nuys. CA 
91404 USA. FAX (818) 990 7603 



CABLE TV 

DESCRAMBLERS 



DEALERS WANTED 
QUANTITY DISCOUNTS ON 
5 OR MORE UNITS 



MODEL 


5 


10 


2Q 


50 


WO 


*DTl-3 


65 


60 


50 


45 


CAU 




55 


50 


45 


40 


CALL 




m 


m 


WO 


95 


CAU 



• DTjf - DigilAl Tfi'Mode fmpulss *SAJ - SCMrL 
*SA-8Q - SaATL 8580 & aix^ve 

All equipment Is new and guaranteed 
CALL V.CJ. 

1-800-677-0321 

Anyone impfying thett of s&vics will te denied assistance 
No Florida Sstss 



LEARhfgold, silver, platinum scrap fecyclinq busi- 
ness. (Free_) information. Wrile; RECYCLING^ 
Box 11216PE, Reno, NV 89510-1216. 

ELECTRONICS dealers: Expand your product 
line. Make $5SI Becon^e an AMERICAN ELEC* 
TRONICS dealer] Profit opportunities since 1965. 
Call Scott Pruatt, 1 j800) 872-1373. 



/ ELECTECH / 

CABLE T,V, DESCRAMBLERS 

• Alf quality brand names * 
• All fuUy guaranteed * All t!ie time - 
Knowtedgeable Sales Service Department 
FOR FREE CATALOG 800-253-0099 



WANTED 

INVENTORS: We Submit ideas to industry. Find 
out what we can do for you. 1 {800} 288-IDEA. 

ELECTRONIC jobs to do at home. 17 years expe- 
rience. Mil spec quality. Reliable, references (602) 
378-3226. 



INVENTORS 

INVENTORSI Can you patent and profit from your 
idea? Call AMERICAN INVENTORS CORR for 

free inform a! ion. Serving inventors since 1975. 1 
{800} 338-5656, 



CIRCLE 199 ON FREE INFOHMATION CARD 



P pifiX- OR I^VHT-TIMK JOB BU5INLSS : ^ 

I Learn VCR repair! 



Profess i on al-lewi home 
study program. Master 
easy-lev I earn. high*profit 
repai rs with out i n vest i n i* 
in cosliy hi^h-tech itislni- 
merits Send (jr call Unlay. 

Free career kit: , 
800-223-4542 ^ 




I >iamt: 

I 

I 



Gty 

The School of VCR Repair, Dept, VP342 
2245 F^rimeier P^rk. Atlanta. MM 



EDUCATION & INSTRUCTION 

FCC. Cqmmcfcial Genef al Rabtolelephorw li- 
cense. Elect ronscs home sludy. Fast, inexpen- 
sive! ^fwe'^ details. COUMANO, D-176. Box 
2824, San FrancESCO, CA 94126, 

ELECTHONIG engtneeflng. 8 volumes com- 
piete. SI 09.95. No prior knowfedge fc<3u[fed. Free 
bfodnim. BANNER TECHNICAL BOOKS, 1203 
Gfgnt A^jgmig, Rocktord. al 6ti03 

BUILDING A Robm AStraiomfOnvard App^oac^^. 
152 pages fully liSusUaied TnsrfLtciJOf^s how you 
can eaiiJy constn;ct a roboi Check or money 
order Sl9 95 plus S3,00 shipping. HUMANFORW 
ROBOTICS, PO Box 158486. NashviHi. TN 
37215. 



CABLE TV DESCRAMBLERS 

* CONVERTERS ★ 

and ACCESSORIES. 



SAVE MONEY. 
DON'TRENT! 



PANASONIC, JERROLD, OAK, 
PIONEER, SCIENTIFIC ATLANTA 

AND MORE LOWEST PRICES FREE CATALOG 

(800)234-1006 



CABLE READY 
COMPANY 



Adefcnsc 
agidiist c:incer 
can be cooked up 
in >'Dur kitchen. 



diet and c9tQcer atie rdaicd 
Folkjw thoc (EKxUfkstkirB in 
)tiur dulv diet to rcdure 

1. £jt more h^^lHia fbo^ 

and mhtA^-fft^ ccrcab 

2. Inciufle auk gt^cn and 
tjcep t^diDW ftiBQ aid vr(|CQ- 

Eicti in witBnin» A and C 



4> Bcmadrmckicflnsunii- 
fuumr^riirtdfucKl^ 

Ti BcmudoTtcirmjnsunip- 
riun qT aknohotic bevo^eei 



Try the 

Bectrtxm 

bulletin board 
system 

(RE-BBS) 
516^293-2283 



The morn you u%e \l the 
mofe useful il becames. 

We support 12DD 3Jid24Q(t 
bauf} ope rail on. 

Parameters: 8N1 (fl dala 
bits, no parity, t stop hit) 
or 711 \1 data bits, even 
jiSFtty. 1 stop fail). 

yoiirscll lo oui user 
files to inctease your 
access. 

Cflnmunlcate with other 
B-E readers, 

laave your comments on 
R E with the SYSOP. 



RE-BBS 
516^293-2283 



PLUG INTO 



AND VALUE 
MCM 




To get tlie full power of 
f^CM Electronics' array of 
products and services, yqu have 
\ be plugged ir^. And that's easy. 
Just call. Well wire you in to rnore than 
20,000 components and parts: many of 
them top brand names, others hard-to-find 
items. We oUef connectorSp semiconductors, 
VCR parts and accessodes, television com- 
ponents, lest equipment, tools and one mi cats. 
Everything you need for computer, audio, video, or 
telephone repair. We'll give you all the technical assistance 
you need. Then speed your order to you within 24 hours. 
That's selection, and service. And that means value to you, and 
to your customers. 

For A Free Catalog Calf: 
to Order By Fax: 

for Product Ouestlotis: 
1800-S24-TBCH iSSim 




MCM ELECTRONICS 

65Q CONGRESS PARK DR 
CENTERVILLE, DH 45^59-^079 
A PR£Mt£R C&fnft40ny 



9 
I 

P 
m 



o 



BE-BO 105 



CABLE BOX 

WHOLESALERS* INC. 

BEST BOXES— BEST PRICES 
Immediate Sliipping — COB's 
Satisfaction Guaranteed 
FREE Catalog— CaU Now 

800-841-7835 



CUIC4E 87 ON FR££ IHFORUAHON CAED 



CourinHM S^rvicm * Dimcouni f^c9* - Fmt Shipptng 

niL ELECTROmCS CORP. 

Mail Order Efeclronlc Parts And Supplies 

P.O. Box5S7* Van Nays, OA 91408 



LASER POWER SUPPLY 




Epeny «ncapaulatQd pqwer auppfy for yp 1o 
SmWkiflera. 4 1/2" X 1 1/2" X 1 7/16'. 
Irtpul: 9 Vdc@ 1 anp. Output starting vohaga: 
7 lo a kV. OpArating voKaga: 1.1 to 1 .5 kV 
Operstfing currsnt: 4 to 5 mA. R«c«s«d 
0,250 quck oonned terminals far output. 
Cobr oocfAd wiirii F^^s f(M' inpi^, 
CATtLPS-l S35.00»ach 



RECHARGEABLE 
Cell Ceil Batteries , 



MaintartanOB trmo, roch^geablo batleries. IdeaJ for 
portabia power or back-up power lor communications, 
vidfto, alarms olc> U$9abl'9 any posilion. 



6 VOLTS @ 1.2 AMP/HOURS 



1" X r high. 
CAT# GC^12 

Ifi.SOeadi 



12 VOLTS 0 10 AMP/HOURS 



Two 6 votllO A/H 
b^nArie?^ PLSSoniTtsd 
ad a single 12voh 

siiBirX 3.94' X 3.75" 
CAT# GC-l2tO S35,00 each 





RADIOSONDE WEATHER 
iNFORMATiON TRANSMITTER 



Vii(r) Radiosonda 
A "radicKondo* is a wealhar in- 
fit rumenl, usuEy y raleased at hi^h 
AlUludes^ desigried to tram mil 
tempefoturd, hynwdHy, wir«Js and 
prnsu rA at various h^ighti above 
tha ground. ThflSftaia now untta, 
dbcontinuad irom NOAA n^k^nal 
wwathar s*rvce. Contain* lots of 
inl«rafiting parts: a solid stale Irans- 
mitiar, barom*(ric pn^suru iemot, )r — j 
humidity sensor and a 24 voK b^ary \ / 
which '& activalad when sirbrrwrsad \J 
in water. Great tor school ftcianca ¥ 
demon* l rartioft^ or »3 a souj'ce for parts. 1 
C AT« W1 T-1 $4 .76 Aaoh - C A^a ol 1 a f or S64 ,00 



4 AAA RECHARGEABLE 
BA TTER Y PA CK (USED) 



Bati ary padk with 4 AAA r^ckel- 
OcidmiumbanerVs in series to 
make a 4J voJt pack, Batle^na* 
can be 3«paratad and recon- 
figured if dfisifad, Terrrvnated 
by 4 pjn female conr>Actor 
(O.r oeniars) on 4" ]a.ads. 
CATMHCB^^U V3 00p«fp«ek 



TOLL FRE^ ORGBRLiNeS 

1-8Q0-826S432 



tor Iti« 49 i:0fitw}9nfitt U.S. AS3.50per order. AS others 
inchiding AK, Hi PRorCtnadA mts&t pay fuM st^^p^ng. 
AM ikiifMrtKi ift CMFORNiA mtJSt incfiKki ^tat& 
ttes/u (7 26%, 7.5%, 7.75%, a .^%e.5%} .Otanttties 
Limted. NO CO D. Prioos nubisct to chanqo w/oiA notice. 



"dsif or Write For Our 
FREE 64 Page Catalog 

{Ot/taki« Th« U.S.A. Sand f 2.00 Pottt<g«) 

ALL ELECTRONICS CORP. 

P.O. Box 567 * Van Nuys, CA • 9UQ8 




The World is Talking! 



Shortwave 
Listening 
Guidebook 

by Han y Helms 

Here's your guide 
to getting tiie most 
I frtini a shortwave 

noniechnicul ]angimgc% Harr>' 
explains how, when, and whcrc to listen 
in. Its 320 heavily -illustrated pages are 
packed with advice on: 

I • amennas 

I • selecting tlie right radio , 

• accessorie.s 
I • reception techniques 

Learn how to hear the BBC, Radio 
Moscow, ham operators, ships, even 
spies and '^pirate' rjidio stations! Includes 
I hundreds of sliiiion frequencies and the 
times vou can hear inem. 



Only $16.95 at nidio equipment dealers* 
or order direct fro in HignText! Add $3 
shipping {$4 Cmada. S5 elsewhere). CA 
add saliS tax. U.S. funds only please. 

HicihText 

7 JlBMiramar Road, Suite I5t, 
Siin Diego, CA 92121 



Cabie TV 
DESCRAJHBLERS 




> The li<»t C^Ripteta line of Descinfflblerf 
>Fntflilly, protessiofiDl servife^ 

>FREE Catalog 




l.-ft00-228-740A 



Go to tho Source 

NU-JEK ELECTRONICS 

3250 Hatcti RD 
OdvPlric TEXAS 7B&13 



ANTIQUE RADIO CLASSIFIED 
Free Sample! 

Antique Radto's r»rjfflK 

Largest Circulation f^onthl^. 
Artie tes . Ads & C las sif S ecfs . 
6-r^onth Trial; S15. I-Yr- S27 (SflO^st Class). 
A.R.C., P,0. BoJt a02'L9, Carlisle, MA 01741 




f 



WHY RENT? 

$AVE! SAVE! 



1 



CABLE TV 
DESCRAMBLERS 

JERROLD • OAK * HAIVlUN » ZENITH 
RONEER * SCIENTIRC ATLANTA 

READY'TO ^SHIP! 

6 MONTH WARRANTY I ABSOLUTELY: 
LOWEST WHOLESALE / RETAIL PRICESI 

mSlERCARD * WS4 -AMEX* COM 

FREE COLOR CATALOG I 

1(800)950-9145 



PRESEWTlfJG * * -ff if 

CABLE TV 



* * -If -tf * STARRING 

jmnnoim, hamun, oak 

AJ^D OTH£A iFAMQUS MAN tJFACiTURf RS 

* FIMEST WAi?FfAMTY PROGRAM AVAILABLE 

• LCAA'EST J7nAfl,lU/HOL£SALE P»fJC£S JW US 

• Of!0£« SHJFPCD FROM STOCK WJThflN 24 MJfS 

* AU. MAJOR CREDfT CARDS ACCfPrt'D 

FOR AIL INFORMATIOIV 

^^m-m^Bm 



PACIFIC CABLE CO., INC. 
7325 Reseda Blvd.. Dcpt 21 2t 
Reseda. CA 91335 



FREE CATALOG! 
1-800-648-7938 

JERROLD HAMLIN OAK ETC 

CABLE TV 



|i]4^iH:fJvM:il=l:kl 



• Sp^ciai Deafer Pricesf 

• ComparG our Uw B&tBll Pfices! 

• Guaranmd Prices S ^rrantiesf 

• Ofdors SNppe<^ tmmefiiMtefyl 

BiPUBLIG CABLE PRODUCTS. INC. 

3 4080 Paradise Rd. #15, Dept heijo? rn 
3 Las vagas^ NV 69109 J 
For all 01 her i reformation (702) 362 9026 



mAGOOD 



Volunteer. 



^American Heart Associaf ton 



CIRCLE 107 QN FREE INFORHAATlON CARD 



1-800-831-4242 

Your Resource for Value. Only a Phone Call Away. 




DR73613 



REGULATED POWER 
SUPPLY KITS 

Build ihc power supply^ you've been 
needing for years. Ideal for home or 
instr actional use, select from three 
tlifTfrenc versions. Each kit is 
complete wxh printed circuit board, 
electronic componentii, and user 
assembly instructions. 



PirtNo. 


f ttxbict N'a. 




Output 

V«ltt{F 


(iiA] 


DiincmioDi 

iLiWiHbc^) Price 


DH203ftO 




120 


+5 


1000 


3.5x5.0x2.0 14-95 


DR20626 




120 


He5lO+15 

-5 to -13 


750 to 175 
750 to 175 


3.5x5.0x2.0 19.95 


DR73«13 


Jli225 


120 


t3 to • 1 2 
-3io -M 


1000 
100 
hOO 


5.12x112x2.25 2935 



VOICE SCRAMBLER KIT 

Transmit voice messages with 
complete privacy and security. 
The Voice Scrambler Kit converts 
intelligible human speech into 
unrecognizable garble for 
recording or transmitting 
over standard media. The 
dcscrambler mode 
restores the signal to 
fut I y i n tell igible speech . _ 
Operate with a casserte tape 
recorder or build a secure telephone 
system using a separate kit at each 
end of the line. 

Audio Power Output; 0.5 W^m 

Resolutiott; H bits (compafitledt Mu-Law) 

Sample Rate: 8 kHz 

Power Supply: +5 & -5 VDC <^ 25 

mA, +12 VDC@250 
mA: (rccomrnend power 
supply DR73613^ left) 

Dimenilons; PCB Is 3.55 " 3C 3.10" fljtW) 
Port Noh Price 




DR70519 S34.95 



TWO-DIGIT 
VOLTMETER KIT 

Now you can build a 
versarilci practiail> 
hiEh'pcrformar 
!igital panel 

voltmeter. 
Finished kits 
deliver ±2% accuracy 
at scale. Its basic input range 
ofO.O 

to 93 VDC is easily scaled for any 
application. 

Input Impedancei 52 K with 9.9 
VDC range 

Displays: 03" red MAN74A type 
Power Supply: 4-5 VDC, regulated^ 1 00 mAi 
(recommend power supply DR203G0- left) 
Dimensiom: 4.3 " x 2.2 " x 1.3" (LxWsH) 



P«ft No. 



Pnee 



DR70527. , .» 424.95 



EPROMS 

EudLNfii Product No. EllEE 

DRJ3611 r'MS27HS. $5.95 

DH39909 2708 495 

DR40001 2716 3.9S 

DR40125 2732.^25 3-49 

[DR40230 2764A-20 .«3.75 

DR39829 27CG4- 1 5*..*.» .«3.95 

DR3%53 27C6AA5 ,.2.95 

DR39933 27) 2825 7-75 

DR3*?96fi 27128A'20 4.75 

D R3y984 2712 8A-25.. 3.75 

DR39677 27Cl2S'l5 „ 5.75 

DRMrn? 27256-15 .5.49 

DR 10061 27256-25 4.S9 

DR39714 27C25CV15 ^ 5.95 

DR=19722 27C256-20 5.49 

DR40 1 50 275 1 2- 20. 6.75 

DR397S1 27C512 I5,„ 6,95 

DR65699 27C020- 1 5 17.95 

DR43692 68766-35 4,95 

Linetfr ICs* 

N o. Pforfurt No. 1-? 

DR33241 TL0a2CP ,5.59 

DR23579 LM317T.., .59 

D R23683 LM324N .3 5 

DR2377I LM3^6Z 1.09 

D R23 85 i LM339N , 4 5 

DR27422 N'K^55V 29 

DR2432S 49 

[1 R244ei7 LMT :3C N .49 

DR24539 LM741CN.. ..29 

DR23131 LM 145BN . 39 

DR23157 LM14SSN 45 

DR23 1 a 1 LM H S9 N .45 

DR34278 ULN2003A. 69 

DRI4230 LNf 3^ 1 4 N 2.49 

01127385 ME5532 1.19 

DR51262 7mT.„„ 45 

DR5U34 78l2r«. 45 

' Nami brund ICs in aock 



IG Sockets 



Part 


Prmluct 










.DtfCTipiJon 


Priw 


DR51570 


8LP 


B'pin Stiw profile 


..i.io 


DR37161 


1 4 LP 


14 -pin low profile 


... .11 


DtB7372 


161P 


Ifi.pln low profrlc 


..,.12 


DR39335 


24 LP 


24-pirt low profile 


.,..19 


DR40301 


28 LP 


28'pin low profile 


... .22 


DR4lEia 


40LP 


40-fnn low prafile 


,...28 



Connectors 

part Product 

Ha* . thi Pnoiiilisii EdfE 

DR15114 DB25P Male. 25- pin $.65 

DR15157 DB2SS Female. 2S-pin,... -75 

DR15085 OB25H Hood .39 

DR1S106 DB25MH Mctil Hood 35 



Trcmslstofs And Dioiles 

Part Pn>duct 

Mfii Nft. DeMfiptioa Prior 

DR2S62e PN2222 lO-'>2 c4m:.-^...4.12 

DR28644 PN2907 1 Q-92 caw 1 2 

DR35991 IN4W)4 DO 41 caw 10 

DR38236 2N2222A TO I a case 25 

DR36126 1N4735 DO-41™... .25 

D 1138359 2 N 3904 TO-92 cajc. .12 

DR36290 1N751 DO-35 cait... IS 

DR3842I 2N440I TO 92 ca^c. 15 

DR3603S 1 N4 1 48 1X3-35 c»c 07 

DR3e30S 2N3U55 10-3 esse ,69 

SwiHhes 

Part Product 



DcKription Ed^ 



DR21936 J M i l 23 SPDT. 

nn-on (tc^le) ..^$145 
DR3S»42 20G-a SPST, t6-pi>i 

{DIP) .-..1.09 

DR26622 MS102 5PST. momenrary 

(puih-buiion) ....... .39 



Memory 

Product Np^ Eunctipji 



Price 



DR4l39a 
DR42251 



41256-120 

DR41523 4125<3A9B^0 
DR4l7ia .i21G00m-B0 
DR41769 421O0<JA9B^S0 



236KDII' U(hu,SU9 

1MB DIP SOru ......5.99 

254KSIMM *Stij.-.J6.?5 

iMBSirP fiOni ..,,54,95 

IvMBSLMM 80nj.«.54.95 



DR54761 XC556G 
DR34796 XC^5iSR 
DR34825 XC556^' 



LEDs 

Product No. Description 



-Price 



Tl 3/4, (grcenj $.16 
Tl 3/4 frcd) .12 
Tl 3/4, (yellow) .16 



Order toll-free 
1>800*831'4242 




Other Jciiiieco 
Resources 

• Test/Measurement 
and Prototyping 
Equipment 

• C43niputer Upgrade 
and Accessory 
Products 

* Full line of Integrated 
Circuits and Electronic 
Components 

* Exciting Project Kits 
for HoSbyists 



Call or write for your 
1993 Annual Catalog: 
^ 1*800<637-8471 



$30.00 Mimmum Order 
For IniernaiLonal Sales, Cusromcr 
SemcCt Credit Dcparimcnt and ail 
other mquiiies: 415*592'B097 
between 7AM-5PM P.S.T. 

CA Rcstdems please add applicable 
sales r^ 



Tmns: PrkcS subject Co ckmgc wilhoul noCtce. Itoiu sub^i to aviilabitity 
ind prior sde. Coniplcic list of Lcrms/warr^tici is avalbbl? upon rcq^ucst. 

© /5?92 Jameco 12192 All i fademifks art rcgtsimd rradcirttrks of xhd r respcciivT coinpuiics. 



J AMECO 

COMPUTER PRODUCTS 

1355 Shore way Road 
Belmont, CA 94002 
FAX: 1»8(K)'237'6948 {liow^^} 
FAX: 415-592*2503 {ln«fni[iMi3) 



Mcniion 



CIRCLE tl4 ON FREE tNFOfiWATIOH CARD 



THE ELECTRONIC GOLDMINE 



I 

a 
i 

z 

2 



108 




C6441 S5« 




INEXFENSIVE COGEH 
COUNTER KIT 

DM£1 t tr4^ B«U m-fl CiaTv Fl*|4 

C6447 $39** 




Qa$4e 1* SB ick«» 




clW hr> Ivn r-rdi v:-- 

rBin9(VMe.t4^ tw^ t<r i,T u 



mel^ «n ef r« col . 

G2960 $1?" 



In «M DC Of cnwc ifinaf 
tA M wkd uto a»H 



BtmCLAH/FIHE 
ALARM KEYBOARD 
CONTROL TANEL 



tH tmt^H TT-?? i:i.i^fl,fi t t'l^t Li Mi * IS Iwf 




nu win n lamn H"ini. Oi;mq IdW U^dW 



MfAUOW OnOEH: $tO 00 ^ $3 ^ &^«PP>^ and riardlifig^U S A. 

5£N0 OflOERS TO: ThQ EEectf^nii: GoSdrrvno 
P.O Oct ScBtisclat^. fli 
PMOHE OnOEftS 45M4*1 FAX 0f1O£RS «1-*)$S - 



CIRCLE 179 OK FREE INFORMATION CAf^O 



"CABLE BOXES" 
BELOW WHOLESALE 

GUARANTEED STOCK - COD'S 



DESCRAMBLERS 



(QTY) 


(10) 


(20) 


(40) 


NEW TBi'3 


70 


55 


CALL 


TB 2 or 3 


45 


40 


CALL 


SA^3B 


45 


40 


CALL 


OAK N-12 


43 


38 


CALL 


SB 2 OR 3 


43 


38 


CALL 


COMBmATION UNITS 


DRX D!C 


69 


CALL 




SYL DIG 


59 


CALL 





PIONEER 295 275 CALL 
- CONVERTERS W/REMOTES - 

PANASONIC- 
TZPC145 65 60 CALL 

STARQUEST- 
E^2550 65 60 CALL 
E-2Y550 75 65 CALL 

TH£f T OF SERVJCE IS A Q¥ilME IMSTALLtNq AUf OEVlCE 
WlTHOyJ PERMISSION MAV SUBJECT TOU TO CIVIL 0^^ 
CRIMIMAL PENALTIES- VOU MUST CHECK WiTH YOUR 
LOCAL CAptE COM PA AUD PAY FQftALL EEflVJCE YOU 
USE. (T IS NOT THE INTENT OF LAKE SYLVAN TO OEFflAUD 
ANT TELcVtStON OPEflATOR AND WE WHL NOT ASSIST ANY 
COMPA^iY Oa <f(OlVJDUAL iN: OOtNG THE SAMf 

LAKE SYLVAN SALES, INC. 

SORRV NO MINNESOTA SALES 



CALL FOR A CATALOG NOW!! 

800-800-4582 



ADVERTISING INDEX 



Electronics Now does not assume any responsibility for errors that may appear In the 
index betow. 



Free I nf orm at fo n N u m ber Pa ge 

— 47lh Street Pholo 73 

If)8 AMC Sales 83 

75 Ace Prodycis , . 74 

107 All Electronics 106 

Amazing Concepts IfM 

9$ Beck man Indu<ilriat 5 

190 Beckman Induslrral .14, 

— B rookston e Prod u c tion Co 86 

109 C S Sales _42 

CIE..,,.-,,...,... 31.41 

183 Cable Warehouse _ 82 

— Cablelronics. 103 

54 Chemtranlcs C V4 

181 Chenesko Products 74 

— CLAGGK Vidt-o OfTcr CV3 

— Command Produclionsi 83 

58 Cook's In^litute . . , .96 

127 Deco InduKirics . , . , 74 

179 Electronic Goldmine 108 

— Electronics Book Club ..... 33. 90 

— Electronic Tech. Today .68 

121 Fluke Manufacturing h ..... , CV2 

187 Global Specialties 7 

198 Goldstar Precision 95 

— Grantham College * * . . 1 3 

86 Hcalhkit 82 

— HighTexl PuhlicatSons, Inc J 06 

— ISCET , 96 

188 Interactive Image Tech 23 

114 Jameco 101 

185 Kelvin 27 

180 Kepco inc , . 26 

177 Lake Sylran Sales, Inc 108 

199 M&G Electronics 104 

87 MCM Electronics ...105 

53 MD ElecJronics 107 

191 Mark V. Electronics 102 

lU Mini Circuits 3 

— NRl Schools 18 

194 Northea*»t Electronics ......... 76 

182 Optoelectronics . 17 



Free information Number Page 

197 Panavise 32 

56 Parts Express * 107 

78 Radio Shack 34 

— Star Circuits .....74 

1H4 TECI 68 

178 Tech Spray 26 

92 Tektronix 24 

196 U,S. Cable 81 

192 Viejo PubUcations 76 

193 Xandi Electronics .... .... 74 

19S ZentekCorp. .81 



ADVERTISING SALES OFFICE 
Gernsback RubllcationSi inc^ 
500-B BI County Blvd. 
Farminfldale, NV t173S 
1 (516) 293-3000 
President: Lnrry Sleekier 
For Advertising ONLY 
5ie 293-3000 
Fax 1-516'293-3115 
Larry Steckier 

pubNsher 
Christina Estrada 

assistfint to the Pre si dent 
Arllne Fishman 

adv&rtisina director 
Dohise Mullen 

advertising assistant 
Keily McQuade 

credit manager 
Subscriber Cuvtonner Service 
1-800' 2 88- 06 52 

Order Eotry For Nevtf Subscribers 

1-800*999*7139 

7:00 AM - 6:00 PM M-F MST 

ADVERTISING SALES OFFICES 

EAST/SOUTHEAST 

Stanley Levitani Eastern Advertising SaTes 
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Countersurveillance 



Never before has so much 
professional information on the art 
of detecting and efimmating 
efectronic snooping devices — and 
how to defend against experienced 
information thieves — been placed 
in one VMS video, if you are a 
Fortune 500 CEO, an executive in 
any hi-tech industry, or a novice 
seeking entry into an honorable, 
rewarding field of work in 
countersurveiliance, you must 
view this video presentation again 
and again, 

Wi/ki' f/p/ Vtm may be the vicrini o( 
stolen words — ^ precious ideas that would 
have macie yi>u very wealthy! Ves, [irofes- 
sionals, even rank amiiteurs, may he lis- 
tening lo your most prrviite con- 
vcrsacions. 

Wake up! If yi)u are not che victim^, 
then )'ou are s«rn>unded by countless vie* 
tims who neetl your help it you know huw 
rediscover telephone caps, locate bugs* or 
"sweep" A rtmrn clean. 

There is a thriving pn>tVssional service 
steeped in high-tech techniques chat you 
can become a part otl But hrst, you must 
kn«jw and understand Countersun^ei lance 
Technol<jt:y, Your ver^- first insight into 
this highly rcN^-artling field is made (x>sst' 
ble by a video VMS prcsentatic)n that you 
cannot view on firoa^lcast television, sat- 
ellite, or cal>le. It presents an intormative 
prognxm pfLi'j^ifed by pr«>fessionals in the 
held who know their industry, its tecfi- 
niques, kinks and loo]>holes. Men who 
can teU you more in -15 minutes in a 
straightforward, exclusive talk than was 
ever attempted hefoa'. 

Hnling Information Thieves 
Discover the targets professional 
sn(K>(x^rs seek out I The prey are stot k 
biukers, arbitrage Arms, manufacturers, 
high-tech companies, any competitive 
industr>'« or even small businnesses in the 
same tomm unity. Tlie valuable informa- 
tion they hkh may marketing strat- 
egies, customer lists, pirxluct formulas, 
manufacturing techniques, even adver- 
tising plans. Information thieves eavx-s- 
drop on court decisions, bidding 
information » financial data. The list is 
unlimited in the mind of man — ^es- 
jTCcially if he is a thief! 

You k(nw that the Russians secretly 
installed cnuntless micmphunes in the 
c()nLreEe work of the American Embassy 
buihijng in Moscow. They converted 
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VISA or MC CARD 
AVAILABLE 

what Vk\\s to he an embassy and private 
residence into the most sophisticated re^ 
cording studio the world had ever 
known. The building had to be torn 
down in order to remove all the bugs. 

Stolen Information 
Tlie open taps from where the informa- 
tion |KJurs out may be f rom l*AXs, c<jm- 
putcr communications, telephone calls, 
and everyday business meetings and 
hni c 1 1 1 i m e e ncou n te rs . B us i ness me n ne ed 
counselling on bow to eliminate this in- 
form;uioii drain. Basic telephone use cou- 
pletl with the users understand int; thai 
some<me may be listening or recording 
\' i I a I d a t a a nd i n format i < in g re ;n 1 y red uce s 
the (jppott unity for others to purloin 
meaningful information. 
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The professional discussions seen on 
the TV scrcen in your home reveals how 
to detect and disable wiretaps, midget 
tadio-frequency transmitters, and other 
bugs, plus when to use disinformation to 
confuse the unwantetl listener, and the 
technique ot voice scrambling telephone 
communications. In fact, do you know 
how to look for a bug, where to look for a 
bug, and what to do when you find it? 

Bugs of a very small size arc easy to 
build and they can Ix^ placed quickly in a 
matter of seconds, in any object or room, 
Ttxlay you may have used a telephone 
handset that was bugged. It ]>robably 
contained three bugs. One was a phony 
hug tf> fool you into believing you found a 
bug and secured the telephone. Tiie sec- 
ond hug placarcs the investigator when 
he finds the real thing! And the third bug 
is found only by the profess ion a L who 
continued to search just in case there were 
more bugs. 

The professional is not without his 
tools. SjK'Cial equipment has been de- 
signed so that the pnifcsstonal can sweep 
a nx>m so that he can tletc^t voice-acti- 
vated (VOX) and remote*aciivared bugs. 
Some of this cx|uipment can be operatc*d 
by novices, others require a trained coun- 
tcrsurve ( 1 1 ancc profess i onal . 

The pmfessionals viewed on your tele- 
vision screen ft;veal information on the 
latest technological advances like laser* 
beam smwpers that arc installed hun- 
dreds of feet away fmm the room they 
sncKJp on. The pmfessionals disclose that 
cotnputets yield information too easily, 

lliis atlvertisement was ntJt written by 
a countersurveiliance professiotial, but by 
a beginner whose only experience came 
from viewing the video tape in the pri- 
%'acy of his home. After you review the 
video carefully ami understand irs con- 
tents, you have taken the ftrst important 
step in either acquiring professional help 
with your surveillance problems, or you 
may very well ci insider a career as a coun- 
tcrsuPi'eillancc proiessionaL 

The Dt>Uars You Save 
To obtain the information contained in 
the video VMS cassette, you w^ould attend 
a professional seminar costing $350-750 
and possibly pay hundreds of dollars more 
if you had t<^ travel to a distant city to 
attend. Now, for only $'j9.95 (plus 
$4.i)(J P&H) )'ou can view CQtintennr- 
v£ ilia nee Techtriffffts .it home and take 
refresher views often. To obtain your 
copy, complete the coupon or calL 



^TheDesolderinySiisieiTi. 



1 SODER-WiCK 

^ Facts # 



i 



Sodr-Wick* Rri^Baid is tiiqu^ 

SKH'pacis to targe \vir€ connedDrB. Itus ult^^ 
copper fs engine€red in in open-v^^ve pattern tliat provide 
neari)ef1ed capillary action. Sokfei is wicked cie^ly awsy. witfiout 
damaging board or surrounding componsnts. 

Choose from nine widths and ifiree flux arrEngetnerrts, 
including static dissipatrve packaging for ESD-sensitive 
operations. Call us at l-BtO-SOS-WlCKand get all 
the facts on the Soder-Wick System, 



SODER-WICITFINE-B^ 

Ttie State ot tr;e An in Desoldenng. 




SoDER-WicK Facts # 22: 

Hie SMT Nick 
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Soder-Wick' Ultra-Braid is designed for 
preciSEOit cleaning tigtit-tolarance SMT pads. 
This ultra-pure, oxygen-free copper wire is engi 
neered for superior thermal conductivity 
\vhich ensures lower heat tiansfer 
and faster wicking action. 
Solder and contaminants 
are quickly removed, without affecting surrounding 
pads or intergrated circuits. 



Call us at 1-800-SOS-WICK and get all the facts. 

^1^ : sii 



SODER-WICK RNE4RA1D 

The State of the Art m Desoldenng 



SoDER-WiCK® Facts #12: 



SoDER-WrcK© Facts # 7: 




The Dissipoiive Sijsieni 



Soder-Wick'' Fine*Braid exceeds the 
desoldering rate specified by Mil Standard 
883B. Method 2022. This ultra-pure, oxygen-free 
copper wife is engineered for superior thermal conductivity, 
which lowers heal transfer and won t cause damage to the boanJ 
or surrounding components. 
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Soder-Wick^ Rne-Braid is designed for desoldering operations 
from SMT pads to large wire connectors. Call us at 1-800- 
SOS-WICK and get all the facts on the Soder-Wick System. 
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SODER-WICK RNE-BRAID 

Tde Siole of the Art in Desoldering. 



Soder-Wlck^s unique Static Dissipative blue 
bobbin packaging qualifies under DOD Standard 
1686 and DOD Handbook 263. and meets the 
decay rate provision specified in MIL-B- 
8I705B, Solder-Wick Fine- Braid and Ultra-Braid 
in the SD blue bobbin provide maximum pro- 
tection for circuit boards and components 
during ESD-sensitive operations. 

Soder-Wick^'' is engineered for desoldering 
applications from SMT pads to large wire 
connectors. Call 1-800-SOS-WICK for all the 
facts on the Soder-Wick System. 
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SODER-WICK- HN&fiRAID 

The Stale of the Art in Desoldering, 
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